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I INTRODUCTION AND STATEMENT OF THE PROBLEM 
Oxygenated derivatives of progesterone (I) have been isolated 
from animal tissue such as adrenal glands. The oxygen, either as 
hydroxyl or as carbonyl, has been found at Carbons 6, 11, 17, l9 
and 21. These oxygenated derivatives are of biological significance 
particularly if the -;•-unsaturated carbonyl system in ring A is 
retained. 
Many such substances can be obtained by subjecting progesterone 
to oxidation in biochemical systems, e.g., perfusion through intact 
animal gland, incubation with gland preparations and fermentation by 
microbes. The exact courses of these oxidations are unknown. 
The object of this research was to see if oxygen could be directly 
introduced into the complex progesterone molecule, with retention of 
the ring A a(l~ -unsaturated carbonyl system, through the interaction 
of this substance with activated hydroxyl radicals assumed to be pro-
duced by diuociation of hydrogen peroxide with ultraviolet light. 
The bond energy of the oxygen-oxygen linkage in hydrogen peroxide 
is on the order of 34 kilocaloriesll. The quanta of blue light should 
possess sufficient energy to effect dissociation of this bond; but 
hydrogen peroxide does not absorb in the visible range of the spectrum. 
Absorption of light by h~drogen peroxide begins at approximately 3700~. 
The absorption intensity is very low at the long wave length end but 
begins to rise rapidly with decreasing wave length at approximately 
3300 j and an intense continuous absorption ·spectrum occurs to below 
1 
· ol2,13 2150 A (Tables 1, 2). 
0 
Wave length (A) 
3800 
3700 
3600 
3500 
3400 
3300 
3200 
3100 
3000 
2900 
2800 
2700 
TABLE 1 
Absorption coefficient* 
for 50% aqueous H2o2 
0.0030 
0.0076 
0.019 
0.046 
0.11 
0.24 
0.53 
1.10 
2.26 
4.6 
9.1 
17.1 
Absorption coefficient* 
for 91% aqueous H2o2 
0.0022 
0.0056 
0.014 
0.036 
0.089 
* computed for concentration in moles/liter and path-length in centimeters. 
data of R. T~ylor and P. C. Cross, ref. 13 
2 
(Ao) Wave length __ 
3800 
3700 
3600 
3500 
3400 
3300 
3200 
3100 
3000 
2900 
2800 
2750 
2700 
2650 
2600 
2550 
2500 
2450 
2400 
2350 
2300 
2250 
2200 
2150 
TABLE 2 
*Mean absorption coefficient 
0 
0.1 
0.2 
0.2 
0.3 
0.4 
0.5 
0.7 
1.0 
1.5 
2.4 
3.1 
4.1 
5.4 
6.9 
8.3 
10.2 
12.2 
14.7 
17.9 
22.0 
25.6 
28.9 
31.5 
Data of H. C. Urey, L. H. Dawson and F. 0. Rice, ref. 12 
* An average value for a number of runs with various low concentrations 
of hydrogen peroxide. 
Urey, Dawson, and Rice12 have presented various spectToscopic, 
thermochemical, and analogical data supporting the hypothesis that the 
pr~y process in dissociation of hydrogen peroxide by ultraviolet light 
is 
---+ 2 OH 
More recently Hunt and Taube14 have determined the quantum yield 
for the photochemical decomposition of hydrogen peroxide at relatively 
high light intensity. The limiting quantum yield was found to be 0.98 
!0.05 at 25°. They effected isotopic tracer studies showing that the 
3 
4 
o~ygen formed originated entirely in the hydrogen peroxide and deter-
mined isotopic fractionation effects associated with the non-chain 
process which they state to 'be non-compatible with hydroxyl radical 
as the sole product of the primary act. These authors have presented 
the following two mechanisms of hydrogen peroxide photodecomposition 
that they state to be compatible with their studies, Mechanism II 
being more favored than I: 
I H 0 + h~ ~ 2 HO 2 2 
HO + H 0 --+ HO t H 0 2 2 2 2 
2 HO ~ H 0 + 02 2 2 2 
!I H202 + h"i ~ H 0 + 0 
·2 
0 + H202 ~ HO -+ H02 
HO + H202 --+ H02 + H20 
2 HO ~ ~ H202t 02 2 
Milas, Kurz and .Anslow 15 oxidized a number of low molecular weight, 
unsaturated substances (Table 3) with hydrogen peroxide and ultraviolet 
light. The substrates, with slightly more than one equivalent of 
dilute aqueous hydrogen peroxide, were shaken in a quartz vessel and 
irradiated with a Cooper-Hewitt mercury vapor lamp for extended periods 
of time. In each case, a product was isolated in which the carbon-carbon 
double bond had been dihydroxylated. No extensive fractionation of the 
reaction mixture was employed in isolation of the main product; and 
these authors did not report any extensive effort to isolate other 
products of this reaction. It is of interest that, in the oxidations 
of maleic acid and diethyl maleate, only mesotartaric acid and diethyl 
mesotartrate were obtained. Thus, it is seen that these reactions 
have preceded in each case as though by the attack of hydroxyl 
radicals on a carbon-carbon double bond. It was, primarily, on the 
15 basis of the experimental results of Milas, Kurz and Anslow that 
the production of hydroxyl radicals was assumed as a working hypothesis 
in the experiments of this dissertation. 
TABLE 3 
·------ ReactionTim---e--% 
Substrate ___________ -'Pr~ oducj:, ______________ _{_b.our~_L_Jield 
Allyl alcohol 
crotonic acid 
maleic acid 
diethyl maleate 
glycerol 
*dihydroxybutyric acid 
mesotartaric acid 
diethyl mesotartrate 
* obtained as an unpurified syrup. 
168 
170 
122 
30 
122 
When ergosterol (XXII) is irradiated with ultraviolet light, 
43% 
30 
4.65 
9.0 
21.7 
structural rearrangement occurs resulting in transformation to a number 
of sbustances of which three are identified41 . The three lrnown products 
of ergosterol irradiation with ultraviolet light are lumlsterol (XXIII), 
tachysterol (XXIV), and vitamin D2 (XXV). 
X~lll 
r 1.4."nli st.e~al 
HO 
5 
Bergmann and Hirshberg23 , Inhoffen and Huang-Ninlon24, and 
25,26,27 
Butenandt et al have irradiated progesterone (I), cholest-
enone (XXVI) and testosterone (VI) in inert solvents out of contact 
with air with ultraviolet light. They obtained, in each case, very 
high melting, low solubility, dimeric substances that no longer show 
the 240 mr absorption peak characteristic for the~4-3-ketone found 
in the starting materials. The dimer obtained from cholestenone 
was thermally decomposed and again yielded cholestenone24• Butenandt, 
27 
et a1 , have presented data to support the structure (XXVIII) for 
these substances. 
I 
H 
XXVII 
~= -c.oc.u )) 
-cu(clf1)cHlc ~o~lclfl ctf(cH1)\ 
-0.., 
6 
Butenandt, et allB,l9, 20, have irradiated estrone (XXVII) 
with ultraviolet light of wave length 313 Mf• The reaction was 
carried out in dioxane, out of contact with air. Estrone was trans-
formed to a structurally identical substance probably differing from 
estrone in its configuration about the asymmetric C-13 but for which 
isomerization at C-9 has not been excluded. 
Consideration of the foregoing data lead to the conclusion that 
the interaction of progesterone with hydrogen peroxide and ultraviolet 
light might result in a multiplicity of substances; and that extensive 
fractionation of the reaction mixtures would be necessary to isolate 
products of th~ reaction. It was decided to subject the products to 
detailed chromatography on silica gel, a process that has been used 
with a considerable degree of s~ess for the separation of complex 
steroid mixtures obtained in perfusion of progesterone with blood 
through adrenal glands. 
7 
II •• GENERAL DISCUSSION OF THE EXPERIMENTS AND OF 
EXPERIMENTAL RESULTS 
A. Method of the Experiments 
Progesterone was dissolved in 95% ethanol containing approximately 
5 equivalents of hydrogen peroxide as a 30% aqueous solution. The 
solutions were stirred in vessels open to the atmosphere and irradiated 
with a Hanovia mercury vapor arc lamp. The reaction products were 
fractionated into neutral ethyl acetate soluble, a weakly acidic 
fraction extracted from ethyl acetate by 0.5 N sodium bicarbonate but 
reextracted from this alkaline aqueous solution by methylene chloride, 
and a more strongly acidic fraction remaining in the alkaline solution 
after methylene chloride extraction. Further fractionation of these 
extracts was effected by chromatography on silica gel with a benzene-
ethyl acetate eluting system. The following two controls were carried 
out: 
1. control #1 
The first control was essentially identical with the runs proper, 
with the difference that the solution was not irradiated. Only a 
negligibly small amount of material was found in the weak and strongly 
acid fractions. 95.9% of the starting progesterone was recovered from 
the neutral material as crystalline solid of good melting point and 
there is indication that the uncrystallized residue contained more 
progesterone. There has, then, been little or no reaction between 
progesterone and hydrogen peroxide under the conditions of this experiment. 
8 
2. control 12 
The second control was identical with the runs proper, with 
the difference that no hydrogen peroxide was added. In this exper-
iment a significant amount of chemical reaction occurred, but the 
total fraction of progesterone transformed was less than when both 
irradiation and hydrogen peroxide were used, and no traces of the 
three :main products (II, III, IV) isolated from the reactions proper 
were obtained. Only about 1% of the reaction lla.SS occurred in the 
acid fractions as opposed to 7-25% in the runs proper. From the 
neutral fraction, 90.6% of the progesterone was recovered as 
crystail.ine solid of good meltiDg point. 
TABLE 4 
COMPOUBDS ISOLATED Jim mDTIFIED FROM THE OXIDATION OF 
PROGESTEaOU VITH BYPBOGEI PEROXIDE AJP ULTB.AVIOLET LIGHT 
0 .................. , .. 
... 
0 
H II 
9 
I 
progesterone pregnan(or allopregnan)-3,20-dione-4,5-diol 
III 
3115-seco-4-norpregaan-
5,20-dione-3-carbo~lic acid 
HO 
MOO · 
IV 
304-seco-pregaan(or allopregnan)-20-
one-3,4-dicarboxylic acid 
B. Compounds Isolated and Identified from the Oxidation of 
Progesterone ~ith Hydrogen Peroxide and Ultraviolet Light 
1. Pregnan(or allopregnan)-3,20-dione-4,5-diol (II) 
This substance was obtained from the neutral fraction by silica 
gel adsorption chromatography in an average yield of 1.4%. Carbon-
hydrogen analysis and micromolecular weight determination indicated 
a c21H32o4 or c21H30o4 compound. The infrared spectrum possessed 
absorption peaks at 2.94p, 5.83 p, and 5.94 p indicating, respect-
ively, hydroxyl, carbonyl, and possible ~~~saturated carbonyl. 
The substance did not react with acetic anhydride and pyridine at 
room temperature. Treatment with acetic anhydride and para-toluene-
sulfonic acid yielded a C 25H36 0 6 compound, A ~~ 5. 73)1 (ester 
carbo~yl), 5.78 )l (carbonyl}, 5.88 r (carbonyl), 8.12 f {acetate). 
The carbon-hydrogen analysis and infrared data show that the 
acetylation product was a diacetate. The absence of a hydroxyl 
absorption in the infrared spectrum of the diacetate indicated that 
the unacetylated compound possessed two hydroxyl groups. The 
dihydroxy compound was readily dehydrated in acidic media at moderate 
temperatures producing a single product in high yield. The dehy-
film dration product was a c21H30o3 compound, ~max. 2.93 p {hydroxyl), 
5.88 p (carbonyl)' 6.02 and 6.12 Jl ( oc,l!-unsaturated ketone)' 
1\. methanol 278 rnp. ( E. 11, 700). The infrared spectrum indicated 
max 
that only one hydroxyl group was lost by dehydration. The intense 
278 mr absorption peak is known to be characteristic for monoenols 
of 0( -diketones16• The dehydration product gave an intense blue-
green color with aqueous-methanolic ferric chloride. This color 
10 
17 producing reaction has been found typical for phenols and some enols • 
This dehydration product was refluxed with acetic anhydride yielding a 
single product whose carbon-hydrogen analysis indicated the molecular 
formula c23H32o4, )\!!~ 5.69 p (ester carbonyl), 5.91 p (carbonyl' 
or ~.~-unsaturated carbonyl), 6.12 V (carbon-carbon double bond), 
methanol 
8.20 and 8.29 p (acetate), Am~ 245 mp- ( £ 12,200). The 
intense 245 mp absorption peak is known to be characteristic for 
monoacetates of ~-diketone monoenols16• 
The ultraviolet spectrum of the dihydroxy compound was now 
examined and found to possess no significant absorption in the range 
200-300 Ill)l· The ~4-3-ketone of progesterone and similar compounds 
gives rise to an absorption peak of high intensity ( £ ~ 15,000). 
The absence of this band excluded the possibility of an ~~~-unsatur­
ated ketone so that the tentative conclusion indicated by the 5.94 r 
absorption peak displayed by the dial was found to be wrong. It then 
appeared obvious that reaction had occurred which eliminated the 
double bond of progesterone (I)by dihydroxylation to produce pregnan-
(or allopregnan)-3,20-dione-4,5-diol (II). Dehydration of the diol 
II then resulted in either V, XXIX, or XXX (see page 12) 
11 
.I 
HO 
Aca.O 
+ P•t-at.ol"'tht.s~+ot1tc. ~'id 
,) 
.., 0 
I. 0'1 
.a.. Ae.OH + Hl.Da.. 
12 
To establish the position of the double bond in the dehydration 
product, it was ozonized under conditions that would minimize the 
rate of the acid-base catalyzed keto-enol transformation (dry ethyl 
acetate as solvent and a temperature of -14° C.). This reaction 
yielded 83% of 31( 5-eeco-4-norpregnan-5,20-dione-3-carboxylic acid 
(III) and no other product was isolated. This clearly establishes 
the structure of the dehydration product as V. Although pregnan(or 
allopregnan)-3,20-dione-4,5-diol (II) has been dehydrated by a 
number of procedures and the product isolated by extraction, 
chromatography, and crystallizations from a number of different 
solvents, no product has been isolated that might correspond to one 
of the other four structural and stereoisomers of V that can result 
through the operation of the keto-enolization process alone. The 
stability and hence persistence of V has been adequately established 
and thus it may be considered as one substance under ordinary condi-
tions. It is therefore referred to in this work as 4-hydroxyprogest-
erone (V). 
Butenandt, Wolz, V. Dresler and Meinerts3 have dihydroxylated 
the double bond of progesterone by interaction with hydrogen pePoxide 
using osmium tetroxide catalysis. Their procedure was repeated and 
the product was found identical with the diol II by infrared spectrum 
comparison and mixed melting point. Butenandt, et a13, have reported 
that this compound reacted with acetic anydride and pyridine at room 
temperature to form a monoacetate. The diol II produced by the action 
of hydrogen peroxide and ultraviolet light on progesterone did not so 
react. The reason for this difference has not yet been determined, 
13 
but may reside in their use of a higher proportion of pyridine than 
was used in the acetylation attempt reported in this dissertation 
(see Experimental section, II A.). Only one attempt was made to 
effect this reaction. 
4,5,15,42 . . The work of Milas, et al , has shown that the oxldatlon 
of carbon-carbon double bonds by hydrogen peroxide with osmium 
tetroxide catalysis results selectively in cis addition of the 
hydroxyl groups. For example, maleic acid (XXXI), or its diethyl 
ester, when subjected to this process, yielded only mesotartaric 
acid (XXXII} or the corresponding diester; and from fumaric acid 
(XXXIII) or its diethyl ester only racemic acid (XXXIV) or diester 
was obtained. Cyclohexene gave only cis-cyclohexane-1,2-diol in 
H, .,cooH 
c 
a 
u/c......._cooH 
J<xxr 
pu 
H'-.: _,;C.ooH 
c 
1 J!'OOH 
H cbH XXX/[ 
9H H' • ..,.coou 
XXXIV 
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58% yield with a 30% recovery of cyclohexene. Oleic acid (XXXV) 
yielded only the higher melting form of 9,10-dihydroxy-stearic 
acid (XXXVI) (60% yield) which Gensler and Schlein43 have shown 
to be the erythro form that would result from a cis dihydroxylation 
of a cis ethylene. The diol II, then, produced from progesterone (I) 
by ultraviolet light and hydrogen peroxide reaction and by hydrogen 
peroxide with osmium tetroxide catalysis must have a cis orientation 
of the two hydroxyl groups. The dial II has been found resistant 
to oxidation by periodic acid or to the Oppenauer oxidation. It 
also resists formation of an acetonide by treatment with zinc oxide 
or cop~er sulfate with acetone. The failure to effect these reactions 
may be due to steric hindrance or to a neighboring group effect of 
the 3-ketone. The reasons for the inactivity to these reagents has 
not been further investigated. Chromic acid oxidation of diol II 
yielded only 31/5-seco-4-norpregnan-5,20-dione-3- carboxylic acid 
(III). 
xxxyu 
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Steroids possessing the structure and configuration XXXVII, 
in which Rings A and B are cis fused, are designated pregnanes. 
Those like. XXXVIII, having a trans fused A-B ring system are 
designated allopregnanes. The mode of A-B ring fusion for the 
diol II has not yet been determined. It has, therefore, been here 
designated pregnan( allopregnan) -3,20-dione-3,4-diol. 
2. 3d 5-seco-4-norpregnan-5,20-dione-3-carboxylic acid 
This substance was isolated in an average yield of 0.7% by 
direct crystallization from the fraction soluble in 0.5 N aqueous 
sodium bicarbonate but reextracted from this weakly alkaline solution 
by methylene chloride. It was also isolated from the "strongly acid" 
fraction by means of silica gel adsorption chromatography. Carbon-
hydrogen analysis and micromolecular weight determination indicated 
that the molecular formula was c20H30o 4• The infrared spectrum 
displayed absorption peaks characteristic for carboxylic acid 
hydroxyl, isolated carbonyl, and carboxylic acid carbonyl. The ultra-
violet spectrum no longer possessed the 240 my absorption peak found 
for all steroids containing the ~4-3-keto functional group. This 
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data suggested that the compound was 311 5-seco-4-norpregnane-5,20-dione-3-
carboxylic acid (III). Reichstein and Fuchs28 and Gut29 have 
prepared the acid III by ozonization of progesterone. An authentic 
sample of acid III was kindly supplied by Dr. M. Gut. The mixed melt-
ing point with the unknown acid was not depressed and the continuous 
infrared spectra of both samples were found to be indentical. 
The methyl ester or acid III was prepared with diasaaethane. 
Despite sUica gel adsorption chro11atograpby, in which it moved as 
a homogeneous material, this product remained a non-crystallizing 
syrup. The non-crystallizing character or the ester has also been 
28 
reported by Reichstein and Fuchs • The infrared spectrum of the 
syrup possessed absorption peaks characteristic of isolated carbonyl 
and ester carbonyl and had no peak typical for the hydroxyl function . 
.... J. o, 
~.llat~ + HOAc 
+W&.O 
3, 3114-seco-pregpen (or el 1 opregpan) -29-one-3, 4-diCarboXVlic acid (IV::) 
This compound, m.p. 283-285°, could be isolated, by direct 
crystallization, from the •stroDg].y acid" fraction extracted from 
~ the total reaction product by 0.5 B aqueous sodium bicarbonate and 
not back extracted by methylene chloride. The average yield was 
l. 0%. The infrared spectrum displayed two absorption peaks 
characteristic tor acid hydroxyl and two carbonyl absorptions. 
Carbon-hydrogen analysis indicated that the molecular formula was 
c21H32o5• With the assumption of this formula, the micro-neutral-
ization equivalent then indicated that the substance was a diacid. 
The 240 my absorption characteristic for the ~4-3-keto functional 
group was no longer present indicating that reaction had taken place 
at this site. The substance was treated with excess diazomethane 
and yielded a compoun~ the analysis of which indicated a molecular 
formula of c23H36o5; and whose infrared spectrum no longer showed 
the presence of a hydroxyl function. Thesedata reinforced the 
indication of a diacid. The only reasonable structure that could be 
assigned to this substance, as an oxidation product of progesterone, 
was XXXIX. 
30 31 32 Butenandt ' ' produced a substance, to which he assigned 
the structure XXXIX, by oxidation of a natural product, 3,20-pregnanediol, 
with chromium trioxide in acetic acid. His assignment of 31\4 for the 
ring fission was probably due to the fact that he was using the Windaus-
Wieland structure for pregnanediol in which the oxygen function was on 
C-4 rather than C-3 (XL). The production of a diacid rather than a 
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mon~aeid with no loss of carbon then required that fission must 
have been effected between C--3 aDd 0-4 rather than between C-4 
and. c-s. In the later publicatio~2 , Butenandt had utilized the 
xr 
-
presentl7 accepted steroid stn.cture for pregnanediol (XLI) but 
still preferred the 3 J I 4 ri.Dg fission. Be described this compound 
as a 20-keto-pregmane-3 ,4-diacid. Dr. Butenand.t kindly proTided a 
sample of his diacid. Its continuous infrared spectrum was round 
CrO, ) 
XLI 
-
' identical with that or the diacid produced by the oxidation of pro-
gesterone with hydrogen peroxide aD4 ultra-Tiolet light. 
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Starting from a 3-keto-pregnanol-20-acetate (XLII), Marker 
8 
et al produced a diacid with the structure (XIII) by a seemingly 
unambiguous process (XLII, XLIII, XIV-XVIII, XIII). 
This acid had a melting point of 216°, different from the high 
melting diacid (270°) of Butenandt3°. Marker, et a18 also compared 
their diacid with 2 1\3-seco-allopregnan-20-one-2,3- dicarbo~ylic acid 
(XII) of m.p. 218° and, finding them different, inferred that Butenandt1 s 
20 
diacid must be the 2 1(3..., £.&:co-- -;pregnan-20-one-2 ,3-dicarboxylic 
acid (XLIV). However, 
NOOC: 
uoo' 
production of Butenandt 1s diacid 
via the oxidation of progesterone (I) with hydrogen peroxide and 
ultraviolet light makes this an unlikely possibility. This same high 
melting diacid has been here produced by the oxidation of 4-hydroxy-
progesterone (V) with alkaline hydrogen peroxide. Bunton6 ' 7 has 
investigated the oxidation of ot-diketones, e(,-ketoacids and 
«1~ -unsaturated ketones by alkaline hydrogen peroxide. A marked 
base catalysis was found and the rates of the reactions were found 
depende.nt on the concentration of hydroperoxide anion. An enolizing 
mechanism was eliminated by the finding of the same basicfatalysis 
on compounds that cannot enolize. A mechanism was proposed that, 
in the case of Q(-diketones would be as follows: 
o r. 
II ~ R-C.-c-R 
+~ 
(·•o-~ 
H 
0 d-J 
'' I ~-c-c.-R ~~~~ 
,o-
lt 
o C->o 
,, ' --)~ R-<, + <:-R ON 11 
0 
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Ill accord with such a aecb••iu as this, the oxidation of 
4-hydro~ogesteroae to the 3JI4-diacid would proceed b.f a base 
catal.y'zed ketonization followed b.f attack at the positive end of 
a carbonyl dipole by hydroperoxide aDioa {V-IV). 
The prod.uction of the high melting diacid IV, by this reaction, 
elild.J:lated the possibility that it cu be a 2 f 3-seco-steroid 
derivative. It must, then, be diastereomeric with Marker's lower 
Jl8lt1Dg diacid; and the two diacids differ onl.y iD. their cODf'iguration 
about C-5. 
22-A 
The coptigpratiopal assigpl!pt of' the high a!ltiag diacid 
The ratioDale of this section, the experiments plaDDed thereon, 
a.nd. the conclusioas reached, were predicated on the assuaption 
that the "Marker diacid" vas indeed a 3// 4-seco-steroid cUf'f'eriDg 
f'roa the higher meltiDg "ButenaDdt diacid" only in its conf'igua.tion 
about C-5. Later work on the probl• shoved this assumption to be 
incorrect. The section is presented as a chronology of' research 
work performed 8lld. the reasons tor doiDg it. The succeeding part 
{p. 30) relates pertinent e:xperillents leading to a corrected 
conclusion. 
A variety of' reactions were employed in aD ef'f'ort to effect 
traasf'oraation of' each diacid iDto its respective stereoisomer. 
a) Each isa.er was heated iD a baab tube with an acetic acid-
coaceatrated hy'clrochloric acid .u:ture at 150-160°. 
In no cases could the expected isoaerization products be found, 
though the starting diacids were iD each case isolated troa the 
reaction products. Increased reaction tille ODly resulted in 
increased carbonization and greater yield of neutral material 
which may be the pyroketone XXI that Butenandt31 has obtained 
through the dry distillation of diacid IV. The nature of this neutral 
fraction was not investigated. 
b) An attempt was made to isomerize the dimethyl ester of the 
high melting diacid by reflux in an anhydrous solution of sodium 
methoxide in methanol for an extended period. When efforts to obtain 
crystalline products from the reaction failed, the neutral fraction 
was hydrolyzed in aqueous-alcoholic potassium hydroxide. This process 
afforded a very small percentage of a non-crystallizing acid syrup 
and a larger amount of neutral product yielding an impure solid of 
melting range 114--143°. Butenandt31 has reported the m.p. of the 
0 pyroketone XXI as 147 • 
c) Refluxing each diacid in acetic anhydride for one hour gave 
quantitative yields of two anhydrides (XIX, XX). The anhydrides 
were hydrolyzed in aqueous-methanolic potassium hydroxi~and produced 
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in each case fairly high recovery of the respective starting materials. 
No isomerization products were found. 
d) Alkaline hydrolysis of the dimethyl esters of each diacid 
yielded only the starting acids. 
Tfte Marker, et al, synthesis8 of the low melting diacid XIII 
was repeated in part to obtain assurance that this low melting acid was, 
in fact, a major product and that its high melting stereoisomer was not 
produced in comparable yield. It was possible to reach this conclusion 
in a micro-scale synthesis for the high melting isomer has a much lower 
solubility in the solvents used than does the lower melting isomer and 
were it present in an amount somewhat less than that of the lower melt-
ing acid it would have been isolated. Only the lower melting isomer 
was crystallized from the reaction products as reported by Marker, 
et a18 • Butenandt's oxidation of pregnanediol with chromium trioxide 
was also repeated. From this reaction, 27.5% of the high melting 
isomer was obtained, as reported by Butenandt, and there was also found 
3.0% yield of 3lf5-seco-4-norpregnane-5,20-dione-3-carboxylic acid and 
3.6% of the low melting diacid XIII. 
In the chromic acid oxidation of pregnanediol the higher melting 
isomer predominates over the lower melting isomer in a ratio of approx-
imately 8-1; whereas, in the :Harker process, the lower melting isomer 
must be the major produpt of the two. Both of these processes have been 
effected on pregnane derivatives. It is, then, evident that in one or 
both processes isomerization must have occurred altering the configura-
tion about C-5. The diacids, once formed, are quite stable to isomeriz-
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ation under the conditions of their respective reactions. Therefore, 
isomerization must have taken place through the mediation of some more 
easily isomerizable intermediate occurring in the course of reaction. 
This intermediate must have met the following two conditions: 
1. Its rate of isomerization must have been appreciably greater than 
the rate at which it was being oxidized to the diacid. 
2. The intermediate as first formed must be the thermodynamically 
less stable of its isomers. 
If only one such intermediate occurred in both processes, and conditions 
1 and 2 had been met in both cases, then only one diacid would have 
been obtained in both cases, as the major component. Also, if con-
dition 1 but not condition 2 were met in both processes, then again 
only one isomer could have occurred as the major component in both 
reactions. In the Marker process, there is a likely candidate XVII 
for the isomerizing intermediate. This dialdehyde was prepared in 
acetic acid in which solvent it remained at room temperature for periods 
up to twelve hours and, in the succeeding step, was warmed in aqueous 
acetic acid to approximately 80° in the course of the hydrogen peroxide 
oxidation. If it represents the only such intermediate formed in the 
two pertinent reactions, then one can state that the compound XVII, in 
which the formyl and ~-priopionaldehydo substituents are trans 
to one another, is the more stable of the two possible stereoisomers 
and the lower melting diacid obtained therefrom is 3114-seco-allo-
25 
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pregnan-20-one-3,4-dicarboxylic acid (XIII): 
:xm 
The higher melting isomer obtained in the hydrogen peroxide and 
ultraviolet light oxidation of progesterone will, then, be the cis 
diacid 3114-seco-pregnan-20-one-3,4-dicarboxylic acid (IV). 
The C-5 aldehyde first resulting from the lead tetraa.cetate 
oxidation of the pregnane derivative has an axial configuration 
considered as a substituent on the Bring (XLV). It is not unreason-
able to suggest that, in an equilibrium mixture of the two aldehydes, 
H 
the probably less hindered and more stable equatorial configuration 
will predominate. It is perhaps relevant that the Fisher-Hirschfelder-
Taylor models of these two aldehydes showed no appreciable difference 
in hindrance of the C-5 aldeh~e group. As an axial substituent, it is 
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closely crowded by the 7~ and 90( hydrogens as is to be expected. 
However, in the equatorial configuration XLVI it appears to be 
equally crowded by the hydrogens of the 10~ -methyl group. This 
may, of course, represent·limitations of the models rather than a 
true state of affairs. 
The dimethyl esters of both stereoisomeric diacids were prepared. 
These'were subjected to essentially identical hydrolyzing conditions 
in aqueous-alcoholic potassium hydroxide. In both cases, almost all 
of the reaction product was obtained in an acid fraction, demonstrat-
ing that at least one ester group in each compound had been completely 
hydrolyzed. Cry:;tallization of the respective acid fractions yielded 
88% uf the low melting diacid and but 19.9% of the high melting diacid. 
In both cases, acidic substances were isolated whose infrared spectra 
indicate that they are half-esters. To determine that the low yield 
of the high melting diacid was not due to a side reaction, such as a 
Dieckmann t,ype cyclization or to isomerization, the acidic residue 
other than the isolated high melting diacid was recombined and resub-
mitted to hydrolysis as before but for a longer period. This process 
yielded an additional 42% of the high melting diacid. Thes~data in-
dicate that one carboxymethyl group of the high melting diacid diester 
is hydrolyzed more slowly than either carboxymethyl group of the 
isomeric ester. The ~propionyl acid groups of both isomers are 
configurationally identical and there is no reason to assume a particular 
steric hindrance for them. The difference, then, is in the carboxymethyl 
groups attached to C--5, and that group which the preceding retionales 
require to be an axial substituent on the B ring is, indeed, found more 
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hindered ·to attack on its carbonyl carbon by hydroxide ion than is 
the group previously required to be equatorial. 
If more than one easily enolizable intermediate occurs so that 
one such, say the aldehyde, results in the course of the "Marker" 
process and another in the case of chromic oxide oxidation on 
pregnanediol, then the foregoing interpretation and conclusions might 
lack relevance. It is, then, necessary to consider other such 
possibilities and find what conclusions can be drawn from them. On 
considering the various possible products involving carbons 3 and 4 
of the steroid ring A, there appear to be only two reasonable possibil-
ities for the easily isomerizing intermediate. One is an aldehyde as 
has already been discussed, the other the 3,4-diketone XLVII. 
The author had no a priori reason to assert an e(-diketone as an 
intermediate in the chromic acid oxidation of a monoketone, possessing 
an c(-methylene group, to a diacid; but the lack of information in 
this matter required that the possibility be considered. 
If this intermediate occurs, then there are two possibilities: 
1) The rate of oxidation of the diketone is greater than the rate of 
enolization, under the conditions of this reaction, so that the diacid 
formed in greater , proportion still retains the original "pregnane" 
configuration with respect to C-5, and the 284° melting compound is 
then the cis diacid. 
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2) The rates of enolization and ketonization are sufficiently high 
so that a greater proportion of the diketone can undergo this reaction 
before further oxidation occurs. If the further condition is met, 
that the diketone of the "changed" configuration at C-5 is the more 
stable, then the 284° diacid will be the trans isomer. 
The 4-hydroxyprogesterone (V ) described earlier would be an enol 
form of this postulated intermediate and so oxidation of V permitted 
this question to be resolved. 4-Hydroxyprogesterone was dissolved 
in glacial acetic acid and permitted to stand for one hour so that, 
if the diketone intermediate had approached equilibrium with its isomers 
despite the concurrent oxidation in the pregnanediol experiment, it 
would surely have done so in this case. Then a large excess of 
chromium trioxide was added and the oxidation effected as in the 
pregnanediol case. The reaction yielded 56% of 3U 5-seco-4-norpregnane-
5,20-dione-3-carboxylic acid (III) and no significant amount of any 
other products could be isolated. This result indicates either that 
condition 1 has been met in the pregnanediol · oxidation or that the 
0(-aiketone was not an intermediate in that reaction. In the preg-
nanediol oxidation, in addition to 27.5% of the higher melting diacid, 
there was obtained 3.0% of the monoacid III and 3.6% of the lower 
melting diacid XIII. This demonstrates that some enolizing inter-
mediate must have occurred in this reaction. The monoacid III must 
have been produced from the ~4 oxidation of this intermediate; 
and it is of interest that, despite the concurrent oxidation process, 
an appreciable proportion of intermediate was able to enolize and 
reketonize before oxidation to the opposite C-5 configuration resulting 
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ia the lower aeltiDg diacicl. Thia -very atroqly nggests that it 
the iDteraediate had been able to truly equUibrate, before further 
oxidation, this lower aelti.Dg diacid would haTe been a major product. 
This conclusion is not :matched by tbe result of the 4-hydro:xyprogesterone 
oxidation. It appears, then, that tbe 3,4-d.iketone is not the inter-
mediate that occurred iDttbe pregDaDediol oxidation and this inter-
aedia.te must .b.a-ve had an aldehyde group attached to C-5 as in the 
"Marker" process. This reasoaiDg leads to the same assigDaeDt of con-
figurations as the earlier arguaeats; 8lld it therefore appears most 
probable that the higher Mlth& cliacicl IV is 3 Jl4-seco-prepan-20-
oae-3,4-dicarbo~lic acid and tlle lower ael.tiDg diacid XIII is, then, 
3114-seco-allopregaaa-2G-eDe-3,4-dicarboxylic acid. 
The conclusioDS ot the preceediag section rest on the assu.ption 
that the diacid produced. in the experiaents or Marker, et a18, vas a 
3114-diacid. Fieser aDd Ramaro9 retluxed ~ -bramo-cholestan-3-one 
(XLVIII) with potassium acetate iD acetic acid and obtained a mixture 
of 2-aceto~-cholestan-3-one (XLIX) aDd 4-aaetoxy--choleatan-3-one (L). 
XLIX 
XLVII/ 
This f!HiDg suggested that, iD the siailar reactio:a of 4-broao-
preg:aan-3-oae-200(-acetate (ILill) vith potassiua acetate in acetic 
acid, aD analogous rearra.Dieme:at ha4 take:a place aDd that the product 
isolated b;y Marker, et al, alld identified as pregDU.-4(?) ,20ttdiol-
3-oae-diaeetate (XIV) vas reall7 prepan-2 ( ?) , 2()11(' -ciiol-3-one-diacetate. 
The suoceedi.Dg reaetio:as would, th•, have lead to 2 II 3-seco-prepan-
20-one-2 ,3-clioarbox;ylio acid (XLIY) rather thaD the assuaed 3114-
diacid (nii). The partial reobeck of the Marker, et al, &Jilthesis, 
performed b;y the author, vas beg\1ll with a sample labeled prepan-4(?), 
201( -diol-3-oae-diacetate which vas kiDdl;y supplied b;y Dr. James A. 
Moore of Parke, Davis and Co. • The work of Marker, et a18, vas 
performed UDder a gra11t from t.bis orgaDization, which had received 
the products of the research. -·It is thus probable that the sample 
derives troa the stock of Marker, et al, and is subject to the 
disabilit;y abow JlOted. 
In ord.- to deteraiJle whether or :aot the structures of the 
11Bute11811dt11 and IIJfarker" diacids were idatical, both substances were 
heated with acetic a:ab;ydride ud. the resultaat anhydrides vera pyrol;yzed 
iD vacuo at 27Q-290°. The total product of each reaction vas refiuxed 
ill metbaaolic potusiua qdroxide aD4 tractioaated iDto acid and neutral. 
The aeutral tractio:a of the "Bute:aa:adt" diacid pyrol.ym.s yielded a 
C2rJ130o2 coapo\Did (1~ after puritieatioa), a.p. 1481-150o; 
}\. BaCl plate 5. 77f" (carboJ~Tl), 5.88 f" (carbo~t-Yl); A. CS2 5. 7214 
(peDtac;yclic carbo117l34), 5.8614 (c-20 carboDT121, 22). The total 
1Dtrare4 spectra of the tvo pyroketones vera profou:adly different. 
The "Buteaandt" diacid is shOVIl to han the structure IV. Its pyroketo:ae 
thea, has the structure XXI. The dif'f'ereat pyroketone produced troa 
t.be "Marker" cliaeid, thea, has the structure LII aDd the eoapouad f'rom 
which it vas derived liUSt be a 211 .3-diacid (LI). Accordingly, the 
argaeat preseDted f'or the eontipration of' the 11Butell8lldt" diacid is 
based on a f'alae assumption and that substance is characterized oal7 as 
.3114-seco-prepan(or allopregnan)-20-oae-.3,4-dicarboJcy"1ic acid. 
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UJmDTIFIED PBODUOTS or TIE Ill'.r.i:UCTIOI or PROGESTEBOIE, 
HIDIOGEI PQOXIRE m ULTB.AVIOLIT LIGH'f. AID FROM COJTRQL 112 
Experiaept UpbovJl •·P· 
nmll .l 18.3-1860 
.. • B .3000 
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" 
.. 
-D 219-224° 
-
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.. I 210-225° 
.. 
" J 220-2600 
nm #.3 X .3ooP 
" 
.. L 175-178° 
f'Utered nm M 17o-180° 
coatrol /12 • .356-.376° 
• " G 175-1'78t
0 
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C. Unidentified Compounds Isolated from Hydrogen Peroxide and 
Ultraviolet Light Oxidation of Progesterone and from Control #2 
The unknown substances listed in Table 5 were isolated by 
silica gel adsorption chromatography of the neutral fractions. The 
extremely small yield of these products or their instability as 
noted has limited their characterization. Some similarly melting 
unknowns that occur in different experiments may be duplicated for 
their identities have not as yet been compared by means of infrared 
spectra. Characterization studies have been commenced for the 
following four compounds: 
) 8 6o methanol 1 Unknown A, m.p. 1 3-18 , }\.max 280 m)l, (k 1.0): 
]\~~ 2.90 p (hydroxyl), 5.80 f (carbonyl), 6.00 ~ (bonded or 
-.c,~ -unsaturated carbonyl) • The indication of an ~~-unsaturated 
ketone is not supported by the presence of strong absorption near 
240 mp hence reaction has occurred at or near the site of the 
64-3-keto functional group in progesterone. The 280 mp absorption 
suggests the presence of the enol form of an OC-diketone16 ; however, 
this absorption is quite low and hence may be due to aa impurity. 
The substance gave no color with ferric chloride in methano117 , 
further indicating that it is not an ~-diketone enol. 
2) Unknown G , m.p. 175--178°, film A max 3 . 01 p (bonded hydroxy 1) , 
5.89 p. (carbonyl), 6.08 p. ( ~~-unsaturated carbonyl), 7\max 
240-241 mp (k 44) (.08 mg. in 3.5 ml. of methanol). 
Anal. Calcd. for c20H30o3: C, 75.4; H, 9.5; M.W. 318 
Found: C, 75.4; H, 9.5; micromolecular weight 
determination, 364. 
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This unknown has been isolated both from runs utilizing hydrogen 
peroxide and ultraviolet light and from control #2 wherein no 
hydrogen peroxide was added. It is a rather unstable compound. An 
attempt to purify it by liquid-liquid partition chromatography on a 
Celite column with methanol as the stationary phase and mixtures of 
n-hexane and benzene as moving phase, resulted in its disappearance. 
Unknown G did not react with acetic anydride and pyridine at room 
temperature. Reaction with para-toluenesulfonic acid and acetic 
anhydride, at room temperature, caused some decomposition to colored 
products. From this reaction mixture there was obtained a non-
film 
crystallizing syrup, A max 2.85 p (hydroxyl J, 5. 78 p (ester 
carbonyl), 5.86 ~(carbonyl), 8.13 p (acetate), 
238 mp ( Q(~-unsaturated ketone). 
A chloroform 
max 
3) Unknown N was isolated from control #2 in which progesterone was 
irradiated in 95% ethanol solution with no added hydrogen peroxide. 
Inserted in a me~ting point block at 348°, unknown N softened at 356° 
and melted to a brown liquid by 376°. ]\~~ 5.85 p (carbo:;J.yl), 
5.92 p (carbonyl). It did not possess the intense 240 mp absorption 
characteristic for the ~4-3-keto functional group. This substance 
has a very low solubility in methanol and is almost insoluble in 
acetone, ethyl acetate or benzene. Judging solely from solubility 
characteristics and the high melting point, unknown N may be identical 
with the other substances listed in Table 5 as melting over 300°. 
This fact has not yet been verified by infrared spectra comparisons 
however. 
4) Unknown 0 was isolated only from control #2, m.p. 205--206°, 
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~~ 2.78 r (hydroxyl), 6.02 }l (carbonyl), 6.21 )l ( 0(,~-
unsaturated carbonyl) , A methanol 241 mu ( Q(,& -unsaturated ketone). max ' r 
D. Irradiation of Progesterone and Hydrogen Peroxide with Ultraviolet 
Light of Wavelength Greater than 2800 Angstrom Units 
In their oxidations of maleic acid and diethyl maleate with 
hydrogen peroxide and ultraviolet light, Milas, Kurz and Anslow15 
obtained only mesotartaric acid and diethyl mesotartrate. In the 
oxidation of progesterone, with hydrogen peroxide and ultraviolet 
light, only the cis 4,5-diol II was obtained. This suggested that 
the foregoing oxidation process, like that which is effected by 
hydrogen peroxide with osmium tetroxide catalysis, might be 
stereospecific in that it effects only cis-dihydroxylation of the 
carbon-carbon double bond. If true, this would raise an objection 
to the mechanism of attack by hydroxyl free radicals; for, if such 
attack occurred, then addition of the first radical would result in 
an organic free radical (XLVII) that can assume a planar configuration 
about C*. Interaction with the second hydroxyl free radical could 
R R' 
OH ' I 
---+ HO···C- C"'·-Otf 
1('/ 'A" 
+ 
R,\ /R' 
wo-.c-c···OH 
I,' 'DII R., " 
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The .t.4-3-keto fuaotion of progeateroae (I) has aa absorptioa peak at 
240 llfl (t"' 18000) whose iat•sit7 is reduoed to aegligible ll&pituM 
b7 280 Df· J. seoo:ad baJld attributed to the carboD7l35 is reported to 
haTe its •x1PnDI at 315~320 -J1 (£"' 20)36• This bal1d vas assllll8d to 
haTe minor effect uader the ooaditions of the followiag expertaent; 
but, iD coasequeace of its ex1.steace, the followi.Dg experiment can 
supply' ollly D.egatiTe aTidence. That is, the non-production of the 
double bond dih7droJcy"lated product Would indicate that actiTation of 
the progesteroae rather thaD hydrogea peroxide b.1 light absorption vas 
aeces881'7 to the reaction, while production or the d:l..hydroJcy" product 
would aot eliainate the possibilit7 of actiTation b.1 the weak 315-320 IIJl 
-boDTl absorptioa. 
To teat the h1Pothesis that the light-aetiTated species in the 
di.b1drox.rlatioa reaction was the progesteroae, u experiaeat closely' 
siiiUar to those alreaq described vas parforaed with the ditfereDCe 
that a light filter was iaterpoaed ill the radiatioa path euttillg oft 
the vaTelagths below 280 '9' uct trauaittillg appreciablT in the 
llicldle ultraTiolet raJIIe where Jvdroga peroxide absorbs stro~~gl.y. 
This experbaent resulted in a signiticaDt production of pregnan (or 
allopregJl&ll) -3 ,2o-dione-4J15-diol (I) aDd of 3(f4-seco-prepan-20-oae-3 ,4-
dicarbo;qlic acid (If) which liST be a product or the dehydration and 
further oxidation or diol I. ~~-peroxide is, therefore, not 
eliainated as ~~· actiTated. species in the dihydro;qlation or carbon-
carbon double bonds. 
E. Ap EUegiye Process· tor tj)e PrqdMtiop of 4-UnJrox:rprogeaterone 
~ ... 
AP4 ht!Dsion of the Process to TtfiosterODe 
PregnaD(or allopregD.aD)-3,2o-dione-4,5-diol (II) was produced in 
quite lov 7ield by the ul traTiolet light and h1drogen peroxide reaction 
oa progeateroae (I) • Ia order to produce the diol n in greater 
quaatit7 tor the productioa of 4-hydro:qprogesterone (V). 
the osmium tetroxide catalyzed hydrogen peroxide oxidation in ether 
was utilized as published by Butenandt, et al3 • In this author's 
hands, the procedure gave extremely variable yields, ra.nginr; from 
5.8 to 26.5%. The reaction products of one such experiment were 
chromatographed and yielded a small a~ount of 4-ftydro~yprogesterone 
as well as much unreacted progesterone; so that partial dehydration 
of the dihydroxylated product and incomplete reaction are responsible 
for the low yield of the diol in this reaction. It was decided to 
try tert-butanol as the solvent in the manner of Milas and SussmanL,., 5. 
Milas and Sussman used equimolecular amounts of the substrate and 
hydrogen peroxide a~:anhydrous solution in tert-butano1. He~ a.n 
excess of 30% aqueous hydrogen peroxide was used in the tert-butanol 
solvent with a catalytic amount of osmium tetroxide. A number of 
experiments were conducted to find the best conditions for the 
dehydration. Acidic polar media were found most favorable, the rate 
of dehydration increasing with increasing acidity. The best yields 
of the clean dehydration product were afforded by using a mixture 
of approximately 5% hydrochloric acid in acetic acid as solvent and 
temperatures of 65-75°. When the total crude product from the hydroxy-
lation of progesterone (I) by hydrogen peroxide and OS1Q\u.m tet.r-oxi11e-
was subjected to dehydration in this manner, the overall yield of 
4-hydroxyprogesterone was 57.%. To test the generality of the pro-
cedure, it was applied to testosterone acetate (VII) and afforded 70.6% 
of a single substance possessing the intense 277 mp absorption peak 
characteristic formono enols of ~-diketones. By analogy with the 
4-hydroxyprogesterone case, this substance is considered to be 
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4-hydroxytestosterone-17-monoacetate (VIII), and its saponification 
product 4-hydroXYtestosterone (IX). 
This procedure appears to be an effective general method for 
the transformation of an ~,p -unsaturated ketone to an OC-diketone 
o~ its enol forms. 
0 H 
" ' I -c.-c-c.-J., bN 
Jf 
0 0 H 
II II 1....-
-C.-C-C. 
' 
F. Sumroa.ry and Conclusions 
1. The following substances have been isolated and identified 
as products of the interaction between progesterone~ hydrogen peroxida 
and pltraviolet light: 
a) pregnan(or allopregnan)-3,20-dione-3,4-diol 
b) 3114-seco-pregnan(or allopregnan)-20-one-3,4-dicarboxylic acid 
c) 3fl5-seco-4-norpregnan-5,20-dione-3-carboxylic acid 
2. Hydrogen peroxide rather than progesterone was indicated as 
being the species activated by the radiation. 
3. A number of, as yet unidentified, substances have been 
isolated in very small yield. Three of these substances (Unknowns 
A, G, and 0) contain hydroxyl groups indicative of oxidation and 
two (Unknowns G and 0) still possess the -r,~-unsaturated ketone 
indicating oxidation at some site other than this function. 
Unknown G has been isolated both from experiments in which progesterone 
and hydrogen peroxide were irradiated and from the control in which 
progesterone was irradiated with no added hydrogen peroxide. 
Unknown 0 has been isolated only from the latter control. The carbon-
hydrogen analysis of Unknown G indicates that it possesses three 
oxygen atoms. It must then be a product of frogesterone interaction 
with same oxidant other than the added hydrogen peroxide. One such 
possible oxidant is dissolved oxygen or an irradiation product of oxygen. 
This suggests that further exploration of the reaction between 
progesterone, hydrogen peroxide and uitraviolet light should include 
experiments under conditions which exclude oxygen. It is of interest, 
in this com1ection, that none of the three identified products have been 
38 
isolated traa the coatrols. 
4. As a bJproduct or the first objectiTe in this experimeDtal 
prograa, the treatJaellt or an «i~ -UDSaturated ketone vith oSilium. 
tetroxide and hldrog8l1 peroxide in tert-butanol followed. by a moderate 
temperature deh1Qration of the crude product in acetic-bJdrochloric 
acid vas foUDd to be an etfectiTe preparative process for trans-
foration or aa 'i~ -uuaturated ketoae to 8Jl ec -diketoae or its 
eDol toru. 
5. ID. chrou.tograpq of the neutral tractions there consisteDtly 
occurred couid ... ble quaatitiea of •terial more "polar• thaD 
progesterou or the partiall7 characterised di~J1dro~ coapoUDd n. 
These slovl.y ruwiag substances occurred as syrupy llixtures aDd 
have not beea resolved into C17Btallh:lllg, coapouds by the 
f'ractioaation procedures used ia these experilleats. It is, at &IV' 
rate, establ.ishecl that, it h1'dro~l radicals produced by dissociatioa 
ot h7drogea peroxide by u1 t.r&"f'iolet light cu displace hydrogen f'roa 
saturated carbon atoms of the progesterone :.olecule, then no degree 
ot selectiTity exists, uader the coaditioaa of these experiments, 
vhere'by a relatively 811811 nuaber of products mq be produced in 
appreciable yield. 
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III EXPERIMENTAL PART 
A Beckman model DU spectrophotometer was employed for all ultra-
violet spectra. Infrared spectra were obtained on a Perkin-Elmer 
Corp. model 12-C recording spectrophotometer. The infrared analyses 
were carried out on samples deposited on salt plates, except where 
otherwise specified; and infrared interpretations were performed by 
Dr. Harris Rosenkrantz, Paul Skagstrom and the author. The carbon-
hydrogen microanalyses, micromolecular weight and neutralization 
equivalent determinations were performed by the Schwarzkopf Micro-
analytical Laboratory, Middle Village 79, New York, or by Drs. G. 
Weiler and F. B. Strauss, 164 Banbury Road, Oxford, England. The 
melting points are uncorrected and were determined on a Kofler-type 
melting point block with the samples held between microscope cover 
glasses. The chromatograms, except as otherwise specified, were 
carried out on silica gel (Davison #923, 100-200 mesh, leached with 
warm methanol and dried at approximately 120° for one day). The 
silica gel (in a ratio of 50 to 60 times the weight of material 
being chromatographed) was added to the column as a benzene slurry. 
The sample was then added in the smallest amount of benzene that 
would completely dissolve it. Elution was effected with benzene, 
benzene-ethyl acetate solutions (30-1, 25-1, 20-1, 15-1, 10-1, 8-1, 
6-1, 4-1, 3-1, 2-1, 1-1, volume-volume), ethyl acetate, acetone, and 
methanol added in the order named. Fixed volumes of eluate were 
collected, the solvents distilled at reduced pressure, and the 
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distillation residues dried by vacuum at room temperature and weighed, 
The eluting phases were.changed to more polar solvent mixtures when 
distillation residues were no longer obtained or became sufficiently 
small. The ultraviolet radiation source was a mercury vapor arc lamp, 
Hanovia catalogue #30600, output greater than 250 micro-watts/cm2 at 
20 inches for the wavelengths 3130 i and shorter. 
I The oxidation of progesterone with hydrogen peroxide and 
ultraviolet radiation 
A. run #1 
Progesterone (10.91 g., m.p. 133-135°) and 17.3 ml. of hydrogen 
peroxide solution (30% aqueous, Fisher analytical reagent) was 
dissolved in 125 ml. of ethanol (commercial 95%, redistilled) in a 
400 ml. open pyrex beaker. The solution was stirred and the liquid 
surface irradiated from a distance of 14 em. for five and five-sixths 
hours. The solution temperature was maintained at approximately 36° 
by the heat output of the ultraviolet lamp. When the irradiation 
period was concluded, 40 ml. of water was added, most of the ethanol 
was distilled at reduced pressure and the undistilled residue was 
fractionated as follows; 
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The residue was extracted four times with ethyl acetate 
(400 ml. total). The combined ethyl acetate extracts were back 
extracted with four 150 ml. portions of water. 
I Aqueous phase 
extracted 3 X 125 ml. 
of methylene chloride 
Agueou phase 
discarded 
I 
Ethil acetlte Ehase 
Extracted with 3 X 125 ml. of 0.5N 
aqueous sodium biconbonate, ~X 100 ml. 
of saturated aqueous sodium chloride, 
and 1 X 100 ml. of water 
Ethyl acetate phase 
Methylene chlor~de phase (mc(c)) 
The solvent was distilled at 
reduced pressure leaving a 
residue of syrup (119.9 mg.) 
that slowly evolved gas. 
The solvent was distilled 
at reduced pressure. The 
residue (9.71 g.) was 
colorless crystalline solid. 
I Aqueous phase 
Acidified to pH 1 with 
hydrochloric acid and 
extracted 4 X 125 ml. of 
methylie chloride. 
Aqueous phase 
J)1 IC.'&I'4 Cd 
Aqueous bicarbonate, etc. 
Extracted 3 X 125 ml. of 
methylene chloride. 
I I 
;;M~e...:t::.hY....,l=,e:;::n=.:e~c:::;hi=oc::.r=i.=:d.:::-e-p~h=:::a?::s~e"-:-_,(~mqill.l 
The solvent was distilled at 
reduced pressure leaving a 
syrup residue (187.9 mg.) which 
slowly and partially crystallized. 
Methylene chlo~ide phase (mc(b)) 
The solvent was distilled at reduced 
pressure. The distillation residue 
(529.9 mg.) was crystalline solid 
and syrup. 
1. Chromatogram #1 
The neutral, water insoluble fraction (9.71 g.), was chromat-
ographed on 580 g. of silica gel in a column 5.2 em. by 147 em •. 
500 cc. eluate fractions were taken. The following combinations and 
crystallizations of eluate residues were effected. 
Fractions 1 to 12 (benzene, benzene-ethyl acetate, 30-1): The 
total residue was negliglble in weight and was discarded. 
Fractions 13 to 15 (benzene-ethyl acetate, 25-1): 15.3 mg. 
Crystallization attempts yielded no solid precipitate. 
Fractions 16 to 18 (benzene-ethyl acetate 20-l): 52.7 mg. of syrup. 
Crystallization attempts yielded no solid precipitate. 
Fractions 19 to 21 (benzene-ethyl acetate, 20-l): 131. S' mg. was 
crystallized from ethyl acetate. 
Crop 1: 27.8 mg., m.p. 161-175°. After two recrystallizations 
from ethyl acetate, the yield was 1.5 mg., m.p. 186-189°. 
Crop 2: (from ethyl acetate) 21.3 mg., m.p. 152-177°. This 
solid was recrystallized from ethyl acetate and from methanol 
yielding 1. 7 mg. of solid, m.p. 183-186°. ~ 280mfA (K 1.0) 
max 
(methanol). This is a weak absorption peak and may be due to 
an impurity. The infrared spectrum possessed peaks at 2.90/' 
5.8,. and 6. oor- characteristic respectively of hydroxyl, 
carbonyl, and a bonded carbonyl or ot1~-unsaturated carbonyl; 
but the absence of an absorption peak at 240"'fl eliminates the 
possibility of an •,~-unsaturated ketone function unless it is 
present in the enol form of an alpha diketone as suggested by 
the 280~ peak 16 • No color was observed with ferric chloride 
in methanol 17 This indicates that the substance is not an 
enol of an alpha diketone. This compound has not been further 
characterized and is designated Unknown A. 
Fractions 22 t~ (benzene-~hyl acetate, 20-1: 465.0 mg. 
crystallized from ethyl acetate. 
Crop 1: 73.7 mg., inserted 60° m.p. 123-145°, This solid was 
considered to consist in the greater part of progesterone and 
has not yet been further investigated. 
Fractions 24 to 29 (benzene-ethyl acetate, 20-1): 2.567 g. 
crystallized from ethyl acetate. 
Crop 1: 1.102 g. This solid consisted almost entirely of 
"progesterone--type" crystals and a very minute proportion of 
small plates. Inserted at 70°, the "progesterone-type" crystals 
melted 124-129°, the minute plates melted 127-175°. 
Crop 2: 1.067 g., "progesterone-type" crystals, inserted 70°, 
m.p. 130-133t0 • 
Crop 3: 32.6 mg., inserted 95°, m.p. 132-175°. This material 
has not been further investigated. 
Fractions 30 to 37: (benzene-ethyl acetate, 20-1): 2.880 g. 
crystallized from ethyl acetate. 
Crop 1: 1.868 g. of "progesterone-type" crystals, inserted 95°, 
m.p. 131--1340. 
Crop 2: 619. mg. of "progesterone-type" crystals and a minute 
amount of plates, inserted 95°, m.p. 128-132°. 
Fractions 38 to 4? (benzene-ethyl acetate, 20-1}: 1.017 g. 
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crystallized from ethyl acetate. 
Crop 1: 625 mg. of "progesterone-type" crystals, inserted 105°, 
m.p. 131-134°. 
Crop 2: 179 mg. of "progesterone-type" crystals, inserted 113°, 
m.p. 129-133°. 
Fractions 43 to 47 (benzene-ethyl acetate, 20--1): 643 mg. was 
crystallized from methanol-methylene chloride. 
Crop 1: 35.8 mg. inserted 105°, almost all of this solid melted 
115-134° with a very small proportion of particles remaining 
unmelted at 260°. 
Fractions t§ to 53- (benzene-ethyl acetate, 20-1): 479 mg. crystall-
ized from ethanol-methylene chloride. 
Crop 1: 4.0 mg. of minute "arrowhead" shaped crystals, inserted 
110°, m.p. 220-250° with a small part of the solid still unmelted 
at 285°. 
Fractions 54 to 59 (benzene-ethyl acetate, 20-1): 273 mg. ~ystall­
ized from methylene chloride. 
Crop 1: 6.6 mg. of "arrowheads", inserted 215°, m.p. 248-252°. 
Fractions 60 to 68 (benzene-ethyl acetate, 20-1): 230 mg. crystall-
ized from methylene chloride. 
Crop 1: 20.8 mg. of "arrowheads", inserted 200°, m.p. 249-252°. 
Crop 2: 7.9 mg. of "arrowheads", inserted 220°, m.p. 249-252°. 
Fractions 69 to 74 (benzene-ethyl acetate, 15--1, 10-1): 586 mg. 
crystallized from methylene chloride. 
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Crop 1: 97.5 mg. of "arrowheads", inserted 85o, m.p. 249-252°. 
Crop 2: 31.3 mg. of solid consisting of a few "arrowheads" and 
formless masses. Inserted 65°, the solid melted partly at 
235-250° with gas evolution. The rest of the solid darkened 
and was unmelted at 300°. 
Crops 1 of Fractions 60-68 and 69--74 (118.3 mg.) were combined 
and recrystallized from methylene chloride yielding 69.4 mg. of 
crystalline solid, m.p. 249-252°. A second recrystallization from 
methylene chloride left the m.p. unchanged. This substance is 
found to be pregnan (or allopregnan) -3,20-dione-4,5-diol. II. 
When produced by action of hydrogen peroxide and osmium tetroxide 
on progesterone (see page t3) this compound was found to melt as 
high as 258-259°. The mother liquor from the above recrystalliza-
tion of II was blown to a solid residue with nitrogen on a hot 
plate and then dried in vacuo. The m.p. of this residue was 
249-252°. When produced by the ultraviolet radiation and hydrogen 
peroxide oxidation of progesterone, this compound has shown a con-
sistently lowered and almost constant melting range as has been 
shown in the various crops isolated from fractions 48 through 74 
of this chromatogram. An impurity is obviously carried along in 
an almost constant proportion that is not altered by the various 
procedures of fractionation employed in this work. 
The following physical data havebeen found for this substance: 
inserted 246°, m.p. 258-259° (lit. 3 249-250°), A max 2. 94~ 
5.83f", 5.94f'\, respectively characteristic for bonded hydroxyl, 
ketone carbonyl, and w1p-unsaturated carbonyl. The absence of 
absorption in the range 220-310~~ however, indicates thaD an 
~.~ -unsaturated ketone is not present. 
~,23° 0 0 Q{JD tl06 !8 (9.41 mg. in 5.0 mg. methylene chloride) 
Anal. Calcd. for C H3 o4: C, 72.4; H, 9.3. found: 21 2 
C, 72.9, 73.0: H, 9.1, 9.1 
Fractions 75-81 (ethyl acetate, acetone): 1.104 g. crystallized 
from ethyl acetate. 
Crop 1: 31.7 mg., inserted 200°, m.p. 225-235°. This crop was 
recrystallized from methanal and from ethyl acetate yielding 
13.5 mg., inserted 160°, m.p. 248-252°. The infrared spectrum 
and mixed melting point determination· indicate that this 
substance is pregnan (or allopregnan) -3,20-dione-4,5-diol 
(II). ~he total weight of crude II of melting range 248-252° 
obtained from fractions 54 through 81 was 146 mg., or 1.2% of 
the theoretical. The amount of progesterone recovered as 
crystalline solid of good melting range from Fractions 24 
through 42 was 5.46 g., or 50%. 
2. Chromatogram #2 
The mother liquors of Fractions 69-74 Crop 2 and 75-81 Crop 1 
were combined and blown to dryness with a stream of nitrogen on a hot 
plate. The residue (1.57 g.) was chromatographed on 85 g. of silica 
taking 100 ml. eluated fractions. Solids were obtained from the 
following fractions: 
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Fractions 18 to 20: (benzene-ethyl acetate, 10-1): 41.9 mg. was 
crystallized from acetone. 
Crop 1: 0.7 mg., inserted 105°, not melted by 300°. (Unknown B) 
This solid was not further investigated. 
Fractions 21 to 24 (benzene-ethyl acetate, 10-1): 112.8 mg. This 
material was leached by rubbing with neohexane. The residue, not 
dissolved by this leaching process, was crystallized from 3 drops of 
methanol. 
Crop 1: 1.8 mg., inserted 70°, almost all of this solid melted 
228-238° with a small amount of fine powder not melting by 300°. 
Crop 1 was recrystallized from benzene yielding 1.2 mg., m.p. 
225-232°. (Unknown C). This has not been further characterized. 
Fractions 39 to 42 (benzene-ethyl acetate, 10-1): 70.3 mg. 
crystallized from 5 drops of ethyl acetate. 
Crop 1: 0.9 mg., inserted 90°, m.p. 219-224° (Unknown D). 
This unknown has not been further characterized. 
Fractions 64 to 70 (benzene-ethyl acetate, 6-1): 66.2 mg., crystall-
ized from ethyl acetate. 
Crop 1: 5.3 mg., m.p. 247-270° (dec.),recrystallized from 
methanol to yield 2.0 mg., m.p. 275-278°, (Unknown E), not 
further characterized. 
Fractions 123 to 126 (methanol): 24.2 mg., crystallized from 8 drops 
of acetone. 
Crop 1: 1.5 mg., inserted 25~, darkens at high temperatures 
but is not melted by 300°, (Unknown F), not further characterized. 
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The fraction extracted from ethyl acetate by 0.5N sodium 
bicarbonate and back extracted from this weakly alkaline water 
, solution by methylene chloride (mc(a), 187.9 mg.) was chromate-
graphed on 10 g. of silica taking 10 ml. eluate fractions. 
The following fraction combinations yielded crystalline solids: 
Fractions 27 to 42 (benzene-ethyl acetate, 6-1): 102.1 mg., 
crystallized from 30 drops of ethyl acetate. 
Crop 1: 60.1 mg., inserted 143°, m.p. 174-178°. After one 
recrystallization from ethyl acetate, this yielded 42.3 mg. 
of the pure compound, m.p. 179-179t6. Finely crushed as in 
a mixed melting point, m.p. 175-179°. 
This substance, 3JI 5-seco-4-norpregnan-5,20-dione-3-carboxylic 
acid (III), possesses the following physical constants: 
~!;;:n 3.28~ (OH of RCOOH), 5.8lf4 (C::O), 5.92f" (C:O 
of RCOOH), 6.0lf" (C:O), 8.47f4 (RCOOH), wJ~3o +118° ~3° 
(7.34 mg. in 1.00 cc. 95% ethanol), ~3o +116° t20 (10.00 mg. 
in 1.00 cc. chloroform,~No absorption was found in the range 
220-320"1f· The absence of an absorption at or near 240 "'lA 
indicated thane ~,p-unsaturated ketone was present. 
Anal. Calcd. for c20H30o4: C, 71.8; H, 9.3; micromolecular 
weight, 334. 
weight, 326. 
Found: C, 71.7; H, 9.3; micromolecular 
An authentic sample, produced by ozonolysis of progestone, 
was obtained from Dr. Marcel Gut29 • This sample was found to 
have a melting range of 166-175°. The mixed melting point with 
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the above compound (m.p. crushed 175-179°) was found to 
melt 168-178°. The infrared spectra of both materials were 
found identical. III was treated with excess diazomethane 
in ethyl ether to produce the methyl ester. A syrupy reaction 
product was obtained and, despite silica gel adsorption 
chromatography, it could not be induced to crystallize. 
The infrared spectrum of this syrup possessed absorption 
peaks at 5.75 p and 5.85 ~which may be indicative of isolated 
carbonyl and ester carbonyl respectively. The spectrum had no 
peak characteristic for hydroxyl. Reichstein and Fuchs28 have 
prepared this substance and they too have reported its non-
crystallizing character. 
Crop 2: 14.0 mg., inserted 105°, m.p. 170-175°. 
Fractions 44 to 52 (benzene-ethyl acetate, 4-1)': 28.3 mg. 
crystallized from 3 drops of ethyl acetate. 
Crop 1: 3.3 mg., inserted 85°, softened approximately 230° 
and was melted by 268ij (dec.). This was once recrystallized 
yielding 1.7 mg., inserted 140°, m.p. 279-283° (slight dec.). 
From its melting point and chromatographic characteristics, 
this substance is probably 3114-seco-pregnan-20-one--3,4-dicarbox-
ylic acid IV. It was not further examined. 
The "strongly acidic" fraction (mc(b)) was directly crystallized 
from methanol and yielded 73 mg. of crude 3U4-seco-pregnan-20-one-
3,4-dicarboxylic acid (IV), melting 255-267°, which, after three 
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recrystallizations from methanol, gave 22 mg., m.p. 279-283° with 
slow decomposition. 
~ mafilmx 3.25 Jl ( ) acid 0-H , 3.36 )f: (acid 0-H), 5.84 )1 (C:O), 
5.87 J1 (C:O), no ultraviolet absorption was observed in the range 
220-430 mp.' 
2.00 dm. tube). 
-1~~114° !10° (7.44 mg. in 5.00 ml. of 95% ethanol, 
Anal Calcd. for c21H32o5: C, 69.2; H, 8.8; neutralization 
equivalent, 182. Found: C, 68.8, 68.7; H, 8.8, 8.8; 
microneutralization equivalent, 208. 
A comparison sample of this acid, produced by chromic oxide 
. . 30, 31, 32 . ox~dation of pregnaned~ol, was obta~ned from Professor 
A. Butenandt, Max Planck Institute for Biochemistry, Tubingen, 
Germany. The melting point of the sample was found to be 275-283° 
when inserted on the melting point block at 268°. The infrared 
spectrum was found identical with that of diacid (IV) produced by 
oxidation of progesterone wil:h hydrogen peroxide and ultraviolet 
light. The physical data reported for this substance30 wer~: 
m.p. 270°, -.)~10 +125.2° (pyridine). Anal. Found: C, 69.18 
H, 8.86. 
The dimethyl ester was reported30 to have the melting point 
113°. Anal. Found: C, 70.1 
B. run #2 
Progesterone (5.117 g., recovered from run #1 and recrystallized 
from ethyl acetate, m.p. 132-133°) and 30% aqeuous hydrogen peroxide 
(8.1 ml., Fisher analytical reagent) was dissolved in 95% ethanol 
(500 ml., commercial, redistilled) contained in an open flat bottomed 
enameled pan of 25 em. inside diameter. The solution was well stirred 
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and irradiated at a distance of approximately 19 em. for two and one 
half hours. The solution temperature was raised to 33° by the heat 
output of the lamp. Ethanol was added at intervals to replace evapor-
ation loss. The solution was kept in a refrigerator overnight and the 
irradiation process continued for seven hours with 8.0 ml. of 30% 
hydrogen peroxide solution added in two portions over the period. 
After another refrigeration overnight, the irradiation process was again 
continued with the addition of 4.0 ml. of 30% hydrogen peroxide. This 
last irradiation had continued for two hours when a fire occurred due 
to ignition of ethanol vapor rising from the open pot beneath the hot 
lamp. The fire was extinguished with carbon dioxide, the solution 
cooled in a water-bath and 1 ml. of Catalase (Sarett) added to decompose 
excess hydrogen peroxide. The solution then stood for one half hour 
during which no evolution of gas was noted. Water (25 ml.) was added; 
and the ethanol distilled off at reduced pressure, leaving a colorless 
aqueous-oily residue. This residue was extracted with 250 ml. of ethyl 
acetate in 3 portions and the ethyl acetate phase subjected to the same 
series of extractions as in run #1, thus yielding the following fractions: 
a) Ethyl acetate solution neutral fraction - 4.23 g. of syrup and crystal 
still containing a minute amount of solvent. 
b) mc(a) - 171 mg. of syrup 
c) mc(b) - 1.26 g. of syrup still containing a small amount of solvent. 
d) mc{c) - 99 mg. of syrup 
The ethyl acetate soluble neutral fraction (4.23 g.) was chromate-
graphed on 200 g. of silica gel taking 500 ml. eluates. 
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The following eluate combinations yielded crystalline solids: 
Fractions 6 to 8 (benzene-ethyl acetate, 20-1): 1.155 g. crystallized 
from methylene chloride. 
Crop 1: 16.9 mg. This crop was a mixture of two crystal types: 
a) "arrowheads" melting 220-245°, which are probably impure 
pregnan (or allopregnan) -3,20-dione-4,5-diol II, and b) melting 
205-220°. 
Crop 2: (crystallized from methylene chloride) 205 mg. Almost 
all of the mass is in a few large crystals of the "progesterone-
type", m.p. 128-132°. A very small part of the crop is small 
particles that soften at approximately 135° and are not com-
pletely melted at 310°. 
Crop 3: (crystallized from ethyl acetate) 294 mg., almost all 
of the "progesterone-type", m.p. 128-132°. A small portion 
melting at 130°, with isolated fragments melting up to 180°. 
Crop 4: (crystallized from ethyl acetate) 12 mg., inserted 55°, 
m.p. 55-130°. 
Crop 5: (crystallized from ethyl acetate) 20 mg., inserted 90°, 
m.p. 140-180°. 
Crop 6: {crystallized from ethyl acetate) 101~., prisms of 
the "progesterone-type", inserted 45°, m.p. 121-124°. A mixed 
melting point with authentic progesterone of m.p. 133-134° 
0 
melted 122-132 • 
Crop 7: (crystallized from ethyl acetate) 39 mg., a mixture of 
crystals most of which melted 123-126° with a few isolated 
fragments melting 150-290° and 280°, not completely melted by 300°. 
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Fractions 10 to 12 (benzene-ethyl acetate, 20-1): 571 mg., 
crystallized from methylene chloride. 
Crop 1: 14.5 mg., inserted 150°, m.p. 248-252°. 
Crop 2: 38.5 mg., inserted 140°, m.p. 175-232°. 
Crop 3: 29.9 mg., Various parts of this crop possessed the 
following melting points: 135-175°, 170-175°, 175°- not com-
pletely melted by 310°. 
0 0 Crop 4: 54.4 mg., inserted 55 , m.p. 102-110 • 
Fractions 13 to 20 (benzene-ethyl acetate, 20-1): 510 mg. 
crystallized from methylene chloride. 
Crop 1: 45 mg., inserted 195°, m.p. 248-252°. 
Crop 2: 76.8 mg., inserted 160°, most melted 175-180° with a 
small part of the solid melting up to 248°. This crop was 
leached with four 2 ml. portions of ethyl acetate. The 
insoluble residue (25 mg.) melted 235-252° (dec.). The 
leached portion was blown to dryness under nitrogen. It 
weighed 51.5 mg. and had a m.p. 174-180°. It was again leached 
with 3 ml. of hot ethyl acetate. The insoluble residue was 1.4 
mg.,m.p. 240-248°. The ethyl acetate soluble part (50.1 mg.) 
was crystallized from ethyl acetate as Crop 1 1 • 
Crop 1 1 : 1.7 mg., inserted 75°, fogged at 235°, m.p. 240-248°. 
Crop 21 : (the mother liquor residue of Crop 11 crystallized 
from 1.5 ·ml. of ethyl acetate) 9.8mg., inserted 50°, most 
melted 175-1780 with a small portion melting up to 225°. 
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Crop 31 : (the mother liquor residue of Crop 21 crystallized 
from 0.5 ml. of et~yl acetate) 24.4 mg., inserted looo, fogged 
at 170°, m.p. 176--180°. Crop 3' was recrystallized from 1/3 
ml. of ethyl acetate and yielded 18.2 mg., inserted 140°, m.p. 
175-178°. This substance (Unknown G) possessed the following 
physical constants: 
film A max 3.01 p (bonded 0-H), 5.89 p (C:O), 6.08 p (c:c-c~o). 
J\. max 240-241 mp (. 08 mg. in 3. 5 ml. of methanol) (K 44) 
Anal. Calcd. for c20H30o3: C, 75.4; H, 9.5; M.W. 318.4 
Found: C, 75.4; H, 9.5; micomolecular 
weight 364. 
Crop 41 : (the mother liquor residue of Crop 3' crystallized 
from ethyl acetate) 5.6 mg., inserted 70°, m.p. 172-181°. 
Crop 3: (the mother liquor residue of Crop 2 crystallized from 
ethyl acetate) 4.1 mg., inserted 115°, not melted by 310° 
(Unknown H). This substance was not further characterized. 
Fractions 21 to 28 (benzene-ethyl acetate, 10-1): 341 mg. crystallized 
from methylene chloride. 
Crop 1: 31.8 mg., inserted 165°, m.p. 239-250°. 
Crop 2: 25.5 mg., inserted 100°, m.p. 185-238°. 
Fractions 29 to 37 (benzene-ethyl acetate, 6-1): 450 mg. crystallized 
from methylene chloride. 
Crop 1: 15.8 mg., inserted 65°, m.p. 210-225° (Unknown I). 
This material was not further characterized. 
Crops 1 of Fractions 10-12, 13-20, 21-28 were combined (91 mg.) 
and recrystallized from methylene chloride yielding 56 mg., inserted 
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100°, fogged at 240°, m.p. 248-252°. The infrared spectrum of 
this substance matched that of pregnan ( or allopregnan) -3,20-
dione-4,5-diol II which was obtained from run #1. The total crude 
yield of II in this run is 91 mg., or 1.6%. 
Tl;ie "strongly acid" fraction (mc(b), 1.26 g.} was directly 
crystallized from ethyl acetate yielding 154 mg., m.p. 235-274°, 
After two recrystallizations from methylene chloride, this gave 
95.7 mg. (1.6% yield) of 3 \l4-seco-pregnan-20-one-3,4-dicarboxylic 
acid (IV), m.p. 280-284°. 
The fraction mc(a) (172 mg.} was chromatographed on 9 g. of 
silica gel. Only eight eluate fractions were taken, in the follow-
ing order: benzene (20 mi.), benzene-ethyl acetate (20-1, 50 ml.), 
(10-1, 100 ml.) (8-1, 100 ml.) (6-1, 100 ml.), ethyl acetate (30 ml.), 
acetone (30 ml.), methanol (30 ml.). The following fractions 
afforded crystalline solids: 
Fraction 3 (benzene-ethyl acetate, 10-1): 83.7 mg., crystallized 
from 14 drops of ethyl acetate. 
Crop 1: 31.3 mg., inserted 75°, m.p. 172-177°. A mixed melting 
point of this material with pure 3ll5-seco-4-norpregnan-5,20-one-
3-carboxylic acid of m.p. 179-179t0 obtained from the corres-
ponding area of run #1 melted 172-178°. 
Crop 2: (mother liquor residue of Crop 1 dissolved in 3 drops 
of ethyl acetate and neohexane added to effect precipitation) 
7.2 mg., inserted 85°, m.p. 167-172°. 
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Fraction 4 (benzene-ethyl acetate, 8-1) 33 mg. crystallized from 
neohexane-ethyl acetate. 
0 0 6 0 Crop 1 : 3.2 mg., inserted 132 , fogged 212 , m.p. 220-2 0 , 
(Unknown J). This material has not been further investigated. 
C. run #3 
Progesterone (10.598 g.) (Glidden, lot E-86, m.p. 126--128~0 
purified by chromatography on silica gel and crystallization from ethyl 
acetate, m.p. 133-134°) and 30% hydrogen peroxide (17.5 ml.) was dis-
solved in 95% ethanol (500 ml.). The solution, contained in an open 
flat bottomed enameled pan of 19.5 em. inside di~eter, was stirred and 
irradiated at a distance of approximately 22 em. from the liquid surface. 
An electric fan was placed to one side to remove ethanol vapors from the 
vicinity of the lamp bulb and the solution temperature remained at about 
25°. After five hours of irradiation, 4.5 ml. of 30% hydrogen peroxide 
was added and the process was continued for three and one thirdadditional 
hours. The solution was stored overnight under nitrogen at about 5°, and, 
on the following day, continued for four and one sixth hours after 
addition of another 9.0 ml. of hydrogen peroxide solution. 
Workup and extractions were effected as in runs 1 and 2, and the 
following fractions were obtained: 
a) Neutral ethyl acetate soluble: 9.69 g. of crystal and syrup 
b) mc(a): 341.5 mg. of syrup 
c) mc(b): 1.09 g. of syrup and crystal 
d) mc(c): 80.3 mg. of syrup 
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The neutral ethyl acetate soluble extract (9.69 g.) was chromato-
graphed on silica gel (500 g.), taking 1000 ml. eluates. The following 
eluate combinations yielded crystalline solids: 
Fractions 5 to 7 (benzene-ethyl acetate, 20-1): 5.578 g. crystallized 
from ethyl acetate. 
Crop 1: 2.963 g. consisting of several large crystals, inserted 
40°, m.p. 133-134°. This represents a 28% recovery of 
progesterone. 
Crop 2: 16.4 mg., inserted 230°, not melted by 300° (Unknown K) 
not further characterized. 
Crop 1 (progesterone) was recrystallized from ethyl acetate yielding 
0 2.014 g., m.p. 133-134. 
Fraction 9 (benzene-ethyl acetate, 20-1): 579 mg. crystallized from 
methylene chloride. 
Crop 1: 14.2 mg. of small "arrowheads", inserted 170°, fogged 
at 243°, m.p. 249-252°. 
Crop 2: 8.7 mg., inserted 120°, two distinct types of crystalline 
material; a) m.p. 170-175°; b) softened at 225° and turned brown 
but was not extensively melted at 300°. 
Fractions 10 to 11 (benzene-ethyl acetate, 20-1): 578 mg. crystall-
ized from methylene chloride. 
Qrop 1: 0 0 43.5 mg. ' "arrowheads"' inserted 222 ' fogged at 245 ' 
m.p. 250-253°. 
Crop 2: 10.7 mg., inserted 140°, some crystals melted at 175--180°, 
the rest remained unmelted at 300°. 
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Fractions 12 to 14 (benzene-ethyl acetate, 20-1); 305 mg. crystall-
ized from methylene chloride. 
Crop 1: 36.9 mg., "arrowheads", inserted 230°, fogged at 240°, 
0 
m.p. 250-253 • 
Crop 2+ (crystallized from ethyl acetate) 24.1 mg., a mixture 
of "arrowheads" melting at 248-252° and "needles" of m.p. 174-
1780. The mother liquor residue of Crop 2 was crystallized from 
ethyl acetate, seeding with the needles, and yielded Crop 3. 
Crop 3: 11.5 mg., inserted 125°, m.p. 175-178° (Unknown L) 
Fractions 15 to 19 (benzene-ethyl acetate, 20-1, 10-1): 492 mg., 
crystallized from methylene chloride. 
Crop 1: 52.5 mg., "arrowheads", inserted 235°, fogged at 240°, 
m.p. 249-253°. 
Crop 2: 23.5 mg., "arrowheads", inserted 215°, fogged at 235°, 
0 
m.p. 249-253 • 
Fractions 20 to 21 (benzene-ethyl acetate, 4-1): 311 mg. crystallized 
from methylene chloride. 
0 0 Crop 1: 10.6 mg., "arrowheads", inserted 237 , fogged at 242 , 
The first crops of Fractions 9, 10-1, 12-14, 15-19, 20-21 
(total 155 mg.) were combined. The mixed melting point of this 
material with pregnan ( or allopregnan) -3,20-dione-4,5--diol II 
of m.p. 248~252° from run #2 was 245-250°. These combined crops 
were twice recrystallized from methylene chloride to yield 20.6 mg. 
0 of m.p. 248-253 • The total yield of crude II in this run is 
181 mg. (1.5%). 
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The "strongly acid" fraction me (b) (1. 09 g.) was chroma to-
graphed on 50 g. of silica gel. The following eluate combinations 
gave crystalline products: 
Fractions 5 to 6 (benzene-ethyl acetate, 6--1): 284 mg., 
crystallized from methylene chloride-methanol. 
Crop 1: 139 mg., inserted 120°, m.p. 172-175°. This is 
probably crude 3ll5-seco-4-norpregnan-5,20-dione-3-carboxylic 
acid (III). It has not been further investigated. 
Fractions 7 to a (benzene-ethyl acetate, 2-1): 424 mg., 
crystallized from methylene chloride-methanol. 
Crop 1: 79. mg., inserted 250°, sublimed, m.p. 265-280°, 
inserted 270°, m.p. 276-283°. After two recrystallizations 
from methylene chloride-methanol, this crop yielded 45 mg., 
inserted 273°, m.p. 283-285°. This substance is 3R4-seco-
pregnan-20-one-3,4-dicarboxylic acid (IV). 
Fractions 9 to 10 (ethyl acetate): 147 mg., crystallized from 
methylene chloride. 
Crop 1: 24.6 mg. of diacid IV, inserted 267°, sublimed, m.p. 
0 278-286 • 
D.run #4 
This run was made to determine if activation of the unsaturated 
functional group by ultraviolet radiation plays a role in the double 
bond dihydroxylation reaction. The same light source was used as in 
the other reactions and controls, but was filtered by irradiating 
through the side of the pyrex reaction vessel, chemical pyrex 7740, 
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wall thickness found 1.8 mm. ! 0.1 mm., blocking radiation below 
280 m~. The A4-3 keto function of progesterone has an absorption 
whose peak is at 241 mp ( E "- 18000) and which is reduced to negligible 
magnitude by 280 m~. A second band attributed to the carbonyl is 
reported to have its maximum at 315-320 mp35 ( t~ 20) 36• This band 
was not observed by this author at concentrations that have been used 
for determination of the 241 mp (.032-.011 mg./ml., 1.00 em. cell) 
band. It was assumed to have minor affect under the conditions of 
this experiment. The isolated carbonyl is also reported to possess 
the following absorption characteristics: 36 
lJlf 27?.JA Ama:x.l88A(t. 9oo.), 'A. i(f: 15). 
max 
Progesterone (4.745.g.) was dissolved in 95% ethanol (450 ml.) 
in an 800 ml. pyrex beaker. Aqueous hydrogen peroxide (30%, 16. 2 ml.) 
was added and the solution well stirred. Irradiation was effected 
through the side of the beaker, the mercury arc being 6 em. from the 
beaker surface. An electric fan was used to effect cooling. The 
solution temperature ranged from 30-38°. After irradiation for seven 
hours, the solution, still strongly oxidizing to slightly acid 
potassium iodide, was stored in a refrigerator overnight. Then water 
(25 ml.) was added and the solution was distilled at reduced pressure 
to a volume of approximately 50 ml. Aqueous sodium bisulfite (200 ml,5%) 
was slowly added with cooling. The aqueous solution, with much sus-
pended solid, was extracted with 3 X 150 ml. of ethyl acetate and the 
succeeding workup effected as in the previus runs. The following 
fractions were obtained: 
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a) Ethyl acetate soluble neutral fraction: 4.44 g. of crystalline 
solid and syrup. 
b) mc(a): 311 mg. of syrup. 
c) mc(b): 295 mg. of syrup and crystalline solid. 
The fraction mc(b) was directly crystallized from ethyl acetate 
yielding 33.4 mg. of solid, inserted 245°, m.p. 258-279°. After a 
further recrystallization, this afforded 22.4 mg., inserted 252°, m.p. 
278-286°. The continuous infrared spectrum of this substance obtained 
as a potassium bromide pellet was identical with that of 3114-seco-pregnan-
20-one-3,4-dicarboxylic acid produced in the preceding unfiltered runs. 
The ethyl acetate soluble neutral fraction (4.44 g.) was directly 
crystallized in acetone yielding 43.8 mg. of solid, m.p. 230-257°, and 
after one further recrystallization from methylene chloride-methanol 
afforded 26.4 mg., m.p. 249-260°. The continuous infrared spectrum 
matches that of pregnan (or allopregnan)-3,20-dione-4,5-diol II obtained 
in the previous runs. The mother liquor of this crystallization was 
blown to dryness under nitrogen and chromatographed on 210 g. of silica 
gel taking 250 ml. aliquots. The following eluate combinations afforded 
crystalline solids: 
Fractions 8 to 18 (benzene-ethyl acetate, 20-1): 3.277 g. 
crystallized from ethyl acetate. 
Crop 1: 2.142 g., "progesterone-type" crystals, m.p. 132-134°. 
Crop 2: (from ethyl acetate) 715 mgs., "progesterone-type" 
crystals, m.p. 132-133°. 
Crop 3: (from ethyl acetate) 213 mgs., "progesterone-type" 
0 
crystals, m.p. 131-134 • 
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Crop 4: (from ethyl acetate) 22.7 mg., "progesterone-type" 
crystals, m.p. 127-132°, and a minute amount of a higher 
melting solid. 
Crop 5: 1.2 mg., inserted 114°, m.p. 165-210°. 
Fractions 19 to 30 (benzene-ethyl acetate, 20-1): 388 mg. 
crystallized from ethyl acetate. 
Crop 1: 111 mg. "progesterone-type" crystals, m.p. 130-133°. 
Crop 2: (from ethyl acetate) 33.7 mg., "progesterone-type" 
crystals, m.p. 124-126°. 
Crop 3: 83.2 mg., The crystals were almost all of the 
"progesterone-type", m.p. 129-132). A minute proportion were 
in the form of long "spikes", m.p. 160-175°. 
Fractions 31 to 40 (benzene-ethyl acetate, 10-1): 129 mg. digested 
in methanol. 
Crop 1: 25.0 mg., minute "arrowheads", inserted 230°, sublimed 
230°, m.p. 248-258°. This may be more of the dihydroxy com-
pound II. It has not been further investigated. 
Crop 2: 18.1 mg., inserted 165°, m.p. 170-180° (Unknown M, not 
further characterized) with a trace of solid melting up to 230°. 
The following combination was made from this chromatogram: 
Fractions 31-41 (benzene-ethyl acetate, 10-1): mother liquor residue 
of Crop 2, Fractions 42-47 (benzene-ethyl acetate, 5-l), Fractions 
48 to 52 (benzene-ethyl acetate, 1-1), Fraction 53 (ethyl acetate), 
and Fraction 54 (acetone). 
This combination (530 mg.) was again chromatographed on 27 g. of 
silica gel taking 100 ml. eluates. The following crystalline 
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solids were isolated: 
Fractions 7 to 12 (benzene-ethyl acetate, 15-1): 65.9 mg. 
crystallized in ethyl acetate. 
Crop 1: 1.8 mg., inserted 230°, fogged, m.p. 232-245° (dec.). 
This may be the dihydroxy compound II. It is not further 
characterized. 
Fractions 13 to 16: benzene-ethyl acetate, 15-1, 10-1): 31.7 mg. 
crystallized from ethyl acetate. 
Crop 1: 1.3 mg., inserted 222°, fogged at 230°, m.p. 240-258°. 
This, too, may be the dihydroxy compound II. It was not 
further characterized. 
Fractions 22 to 31 (benzene-ethyl acetate, 10-1): 76.4 mg., 
crystallized from ethyl acetate. 
Crop 1: 15.9 mg., small prisms, inserted 165°, m.p. 175-177°. 
Crop 2: (crystallized from ethyl acetate) 4.2 mg., small prisms, 
inserted 162°, m.p. 174-176°. 
Crops 1 and 2 were combined and again crystallized from ethyl acetate 
yielding 8.1 mg., m.p. 178-180°. The infrared spectrum is identical 
to that of 3115-:-seco-4-norpregnan-5,20-dione-3-carboxylic acid 
produced in the previous runs. 
Fractions 43 to 51 (benzene-ethyl acetate, 3-1): 84.9 mg., 
crystallized from ethyl acetate. 
Crop 1: 6.6 mg., inserted 130°, m.p. 258-282°. One further re-
crystallization from acetone-ethyl acetate yielded 3. 5 ms., 
inserted 225°, fogged at 260°, m.p. 272-284° (with slight dec.). 
The continuous infrared spectrum is that of 3!\4-seco-pregnan-20-
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one-3,4-dicarboxylic acid produced in the previous runs. 
The total amount of progesterone recovered in this run was 
3 • 32 g. ( 70%) • 
The pyrex beaker used as a filter in this reaction was broken 
and a representative section ground to fit a spectrophotometer 
cell. The pyrex section was immersed in redistilled 95% ethanol 
to minimize refraction error and the following transmission readings 
were obtained using a Beckman D U spectrophotometer: 
~ :t:ran~i~§iQn % transmission 
225 mu <;f% 305 mu 19% 
230 <.1. 310 30 
235 <1 313 35 
240 1 315 39 ~4 
245 0 320 50 
250 0 325 58 
255 0 330 66 
260 0 335 71 
265 0 340 76 
270 0 345 80 
275 0 350 84 
280 <.~ 355 87 
285 <.l_ 2 360 89 
290 2 365 91 
295 5 370 92 
300 11 375 93 
E. Control #1 
Progesterone (502.8 mg.) was dissolved in 95% ethanol (50 ml.) 
in a 250 ml. beaker open to the atmosphere. Aqueous hydrogen peroxide 
(0.80 ml., 30%) was added and the solution maintained at 35-42° for 
four and three-fourths hours. Water (20 ml.) was then added, the 
ethanol distilled off at reduced pressure and extractions effected as 
in the preceding runs. The following fractions were obtained: 
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a) Ethyl acetate-soluble, neutral: 504 mg., crystalline 
b) mc(a) 3.4 mg. 
c) mc(b) 
d) mc(c) 
1.8 mg. 
3.3 mg. 
The ethyl acetate soluble and mc{a) fractions were combined and 
chromatographed on 25 g. of silica gel. From fractions eluted by 
benzene-ethyl acetate, 25-1, and 20-1, there was recovered 483 mg. 
of progesterone (95.9%) in crops whose melting points ranged from 
131-133° to 133-134°, the bulk of the material melting at the higher 
temperature range. It thus appeared certain that no appreciable fraction 
of progesterone had been transformed. No other substance was crystall-
ized; but one half g. of progesterone was used rather than the 5-11 g. 
employed in the other runs and control reaction. The remaining 4.1% 
of unidentified product was not further fractionated. 
F. Control #2 
Progesterone (5.388 g. m.p. 132-134°) was dissolved in 95% ethanol 
(400 ml.) contained in a flat bottomed enameled pot of 20 em. inside 
diameter and irradiated at a distance of 20 em. with stirring for six 
hours. Solvent evaporation loss was replaced at intervals. The ethanol 
was distilled off at reduced pressure and the residue extracted as in the 
foregoing runs. The following fractions were obtained: 
a) Ethyl acetate soluble neutral: 5.25 g., crystalline 
b) mc(a): 39.4 mg., syrup and crystal 
c) mc(b}: 15.5 mg., syrup and a trace of crystal 
mc(a) (39.4 mg.) was crystallized from ethyl acetate and yielded 
only 2.3 mg. of crystalline solid, inserted 210°, m.p. 217-275° 
(dec). 
mc(b) (15.5) was crystallized from ethyl acetate and afforded 
1.1 mg. of solid, inserted 150°, m.p. 220-260°. 
1. Chromatogram #1 
The ethyl acetate neutral fraction ( 5. 35 g.} was chromatographed 
on 240 g. of silica gel taking 250 ml. eluates. From eluates utilizing 
benzene-ethyl acetate (25-1), 4.415 g. of progesterone (81.9%) was 
recovered. The progesterone was obtained in many crops which melted in 
the ranges 131-13lt0 to 133-134°. 
The residue from combined fractions 27-28 (82.0 mg.) was crystallized 
from methanol and yielded the following crops: 
Crop 1: 7.8 mg., hexagonal plates, inserted 348°, turned slightly 
brown and softened at 356°,. melted to a brown liquid by 376°. 
This substance (Unknown N) possessed the following characteris-
film 
tics: )\max 5.85 p (carbonyl), 5.92 p (carbonyl). It does 
not possess the strong 240 Mf absorption peak characteristic 
of the ~4-3-keto function. It has a very low solubility in 
methanol, acetone, and ethyl acetate. Butenandt and Wolff25 
irradiated a number of A4-3--keto steroids in benzene or hexane 
with ultraviolet light. In each case, they obtained character-
istically difficultly soluble, high melting, dimeric compounds 
no longer possessing the absorption near 240 mp which is caused 
by the ~4-3-keto function. The substance obtained from 
irradiation of progesterone gradually decomposed above 340°. 
Complete purification was described as difficult due to the low 
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solubility of the substance. 
Crop 2: (from ethyl acetate) 20.6 mg., m.p. 170~179~ 
Crop 3: (from ethyl acetate) 6.3 mg., m.p. 170-176°. 
Crops 2 and 3 were combined and recrystallized once from 
ethyl acetate and twice from acetone to yield 3.3 mg., 
· d 6 o 81o " methanol 1nserte 1 5 ' m.p. 175-17 2 ' ~max 241 mv. 
The infrared spectrum of this substance is identical with 
that of Unknown G described in run #2. 
Fraction 29, eluted with ethyl acetate, yielded 5.1 mg. of 
solid, m.p. 210-220° with a fine suspension melting up to 245°. 
2. Chromatogram #2 
All eluted material from chromatogram #1, except the 415 g. of 
progesterone, the 7.8 mg. of very high-melting compound, and 3.3 mg. 
of the 175-179° melting substance, (861 mg.), was combined for a 
column partition chromatographic procedure utilizing the system of 
1 Butt, Morris, Morris and Williams • In this system, Celite 545 was 
used as the supporting medium, 70% methanol-water equilibrated with 
n-hexane as the stationary phase and equilibrated n-hexane followed 
by mixtures of n-hexane and benzene as moving phase. Fifteen ml. 
eluates were taken to fraction 45; thereafter, 50 ml. eluates were 
taken. The following fractions yielded crystalline solids. 
Fractions 16 to 35: 35.6 mg. crystallized from ethyl acetate. 
Crop 1: 1.2 mg., inserted 145°, m.p. 290-310°. 
Fractions 48 to 52: 465 mg., crystallized from ethyl acetate. 
Crop 1: 270.8 mg., "progesterone-type" crystals, inserted 50°, 
m.p. 132-134°. 
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Crop 2~ (from ethyl acetate) 84.5 mg., progesterone type 
0 
crystals, m.p. 131-133 • The progesterone recovered in 
these two crops amounts to 355.3 mg. (6.6%). 
Fractions 53 to 63: (n-hexane, n-hexane-benzene 3-1, v-v): 
83 mg., crystallized from ethyl acetate. 
Crop 1: 5.9 mg., inserted 173°, melted in part at 175-180°, 
the rest melting up to 230°. 
Fractions 64 to 70: (n-hexane-benzene,J-1): 39.5 mg., crystallized 
from acetone. 
Crop 1: 13.6 mg., plates, inserted 220°, not melted by 310°. 
Fraction 71 to 79: (n-hdxane-benzene 3--1, benzene): 117 mg., 
crystallized from ethyl acetate. 
Crop 1: 3.1 mg., inserted 160°, m.p. 190-228° (dec.). 
3. Chromatogram #3 
All material eluted from chromatogram #2, except the 355 mg. of 
progesterone, was recombined and submitted to another partition chrom-
atogram of the same type. Celite 545 (250 g.) was suspended in moving 
phase (n-hexane equilibrated with 70% methanol-water); and, with good 
stirring, stationary phase (167 ml. of 70% methanol-water equilibrated 
with n-hexane) was added dropwise. The Celite was stirred one half hour 
longer and then added to the column in small portions with much moving 
phase. The added portions were firmly rammed into the column with a 
perforated metal piston. The Celite column was 82 em. X 2.5 em •• 
The mixture being chromatographed ( 504 mg.) was mixed with 2. 0 ml. of 
the stationary phase. Celite (3.0 g.) was added and well mixed. The 
mixture was rammed into the column. Finally, 1. 0 g. of Celi te mixed 
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with 0.5 ml. of stationary phase and a 2.0 g. portion of Celite with 
1.0 ml. of stationary phase were used to wipe out the container in which 
the chromatogram mixture had been prepared and added to the column in 
like manner. The column was developed and eluted with equilibrated 
n-hexane, 5% benzene inn-hexane (v-v), 10% benzene inn-hexane, 50% 
benzene in n-hexane, benzene, and finally stripped with ethyl acetate, 
acetone and methanol taking 50 ml. eluates. The following fraction 
combinations yielded solids: 
Fractions 7 to 10 (n-hexane): 51.4 mg. crystallized from ethyl 
acetate. 
Crop 1: 1.5 mg., inserted 65°, m.p. 270-300° (dec.). 
Fractions 11 to 12 (n-hexane): 140.5 mg. crystallized from ethyl 
acetate. 
Crop 1: 59.2 mg., "progesterone-type" crystals, m.p.l28-131°. 
Crop 2: 21.2 mg., "progesterone-type" crystals, m.p. 128-132°. 
Crop 3: 8.8 mg., "progesterone-type" crystals, m.p. 127-131°. 
The 89.2 mg. of recovered progesterone is 1.6% of the starting 
material. 
Fractions 38 to 41 (5% benzene-n-Bexane): 24.3 mg. crystallized 
from ethpl acetate. 
Crop 1: 11.5 mg., inserted 135°, m.p. 190-200°. 
Crop 2: 3.9 mg., m.p. 196-204°. 
Crops 1 and 2 were combined and recrystallized from ethyl 
acetate yielding 8.2 mg. of prisms, inserted 160°, fogged at 
0 . film 195°, m.p. 205-206, ~max 2.78 p (hydroxyl), 6.02 p 
(carbonyl), 6.21 p ( 41t'1f1-unsaturated ketone), 
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~ methanol 
A max 241 m)l• The substance (Uninown 0) has not been 
further characterized. 
Fractions 47-53 (5% benzene-n hexane): 10.2 mg., crystallized in 
ethyl acetate. 
Crop 1: 3.7 mg., inserted 154°, almost all melted 264-275° 
(Unknown P) with a small fraction unmelted at 300°. Ynknown P 
has not been further characterized. 
Fractions 61 to 69 (10% benzene-n hexane): 16.3 mg. crystallized 
in ethyl acetate. 
Crop 1: 5.8 mg., "needle" clusters and irregular fragments. 
The "needles" mel ted 165-175°, the irregular solid was not 
melted at 300°. 
Crop 2: 1.8 mg., inserted 155°, m.p. 173-178°. 
Crop 1 was digested in L 0 ml.. of ethyl acetate and yielded 
25 mg. of a fine powder, inserted 166°, not melted by 310°. 
Fractions 73 to 78 (50% benzene-n hexane): 38.5 mg. crystallized 
in ethyl acetate. 
Crop 1;6.4 mg., inserted 250°, not melted by 300°. 
II. Acetylation of pregnan (or allopregnan)-3,20--dione-4.5-diol 
A. Attempted acetylation with acetic anhydride and pyridine 
01" 
Pregnan ~llopregnan) --3,20-dione-4,5-diol (II) (10.4 mg.) 
was suspended in pyridine (0.12 ml.) and acetic anh~dride (0.05 ml.) 
added. The mixture stood twenty hours at room temperature. No 
appreciable solution was observed. Pyridine (0.25 ml.) and acetic 
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aa~dride (0.1 ml.) were added and the solution with undissolved 
crystal permitted to stand seven hours longer. Crystalline solid 
still persisted. Pyridine (0.5 ml.) and 0.1 ml. of acetic anydride 
were further added and the mixture stood at room temperature for an 
additional ten hours. 
The solution was then decanted from the solid. The solid was 
washed with three 1 ml. portions of ethyl acetate. The washings were 
combined with the liquid phase. The undissolved solid (6.4 mg.), m.p. 
245-252° was considered to be unreacted diol II. The liquid phase was 
diluted with 70 ml. of ethyl acetate and extracted with two 10 ml. 
portions of saturated aqueous sodiQ~ chloride solution, two 10 ml. 
portions of 0.5 N hydrochloric acid, two 10 ml. portions of saturated 
aqueous sodium chloride solution, three 10 ml. portions of 0.5 N sodium 
bicarbonate, two 10 ml. portions of saturated aqueous sodium chloride 
and one 10 ml. portion of water. The ethyl acetate was distilled at 
reduced pressure to a residue which was crystallized from ethyl acetate 
affording two crops of crystalline solid: 
Crop 1: 1.1 mg., inserted 80°, m.p. 246-250°. Mixed melting 
point with diol II, inserted 120°, m.p. 236-240°. 
0 Crop 2: 1.7 mg., m.p. 248-252 • 
These crops were considered to be crude diol II. 
3 Butenandt, et al , reported the synthesis of a 4-acetate of II, 
m.p. 223-225° (unc.) by reaction of II with pyridine and acetic anhydride 
at room temperature. The cause for the author's failure to obtain the 
same result has not, as yet, been determined. 
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B. Acetylation with acetic anhydride and p-toluenesulfonic acid 
To effect this acetylation, the method of Huang-Minlon, E. Wilson, 
N. Wendler and M. Tishler2 was utilized. 
Diol II (21.0 mg., m.p. 248-253°), 10.0 mg. of p-toluenesulfonic 
acid monohydrate and acetic anhydride (0.5 ml.) was stirred at room 
temperature. After one hour, acetic anhydride (0.2 ml.) was added; and, 
after the second hour, another 0.2 ml. of acetic ~dride was added. 
The II was not completely dissolved until after two and one half hours 
of stirring. The solution then stood at room temperature, for an 
additional forty hours. Water (15 ml.) was added, the mixture cooled, 
shaken, and permitted to stand three-fourths hour. It was then extracted 
with ethyl acetate (50 ml.). The ethyl acetate phase was back extracted 
with three 35 ml. portions of 0.5 N sodium bicarbonate and with water 
(2 X 20 ml.), then distilled at reduced pressure to a syrupy residue. 
The residue was dissolved in the minimum amount of boiling n-hexane which, 
on cooling, precipitated 19.7 mg. of feathery clusters melting at 144-155°. 
After 2 recrystallizations from n-hexane, the yield was 6.9 mg. of II 
diacetate, crystallizing in clusters of narrow blades, m.p. 159-161°. 
a(J~2 +89° !.9° (3.26 mg. in 1.00 ml. acetone), 
J\~i 5.73 F (ester carbonyl), 5.78 p (carbonyl), 5.88 r (carbonyl), 
8.12 p (acetate). No ultraviolet absorption was observed in the range 
220-4oo mr· 
Anal. Calcd. for c25H36°6= c, 69.4; H, 8.4 
Anal. Calcd. for c23H34°5: c, 70.7; H, 8.8 
Found: c, 69.4; H, 8.8 
The carbon-hydrogen analysis and the absence of a hydroxyl peak in 
the infrared spectrum indicate that this substance is a diacetate. 
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III. Attempts at periodate oxidation of pregnan(or allogregnan)-
3,20-dione-4,5-diol (II) 
A. run #1 
II (10.4 mg.) was dissolved at room temperature, in the minimum 
amount of methanol (20 ml). Periodic acid (7.3 mg.} (G.Frederick 
Smith Chemical Co.) was added in water (0.65 ml.). The solution stood 
at 25-27° for twelve hours. Water (5 ml.) was then added, the methanol 
distilled off at reduced pressure and the aqueous residue extracted with 
ethyl acetate (25 ml.). The ethyl acetate phase was extracted with 
water and aqueous 0.5 N sodium bicarbonate, then vacuum distilled to 
a residue (10.6 mg.). The residue was crystallized from methanol and 
2.9 mg. of the starting compound was obtained. The mother liquor from 
this crystallization was blown to dryness and consisted mostly of 
0 
crystalline material, m.p. 247-250 • This was considered to be diol II. 
B. run #2 
II (12.6 mg.) was dissolved in 15 cc.of methanol. Periodic acid 
(56 mg.) in 1 N sulfuric acid (1.5 ml.) was added. The solution stood 
at a temperature of 25-32° for twenty three hours. Workup as in run #1 
and crystallization from ethyl acetate yielded only 0.3 mg. of crystall-
ine solid whose melting range (211-248°) indicated that it contained 
starting material. The mother liquor residue from the crystallization 
was chromatographed on 1 g. of silica gel. Elution was effected with 
n hexane-benzene (1-1), benzene, benzene-eth~ acetate 10~1 and 6-1, 
ethyl acetate, acetone and methanol. Syrupy residues were obtained 
throughout the range of the chromatogram indicating a complexity of 
products. No crystalline products were isolated. 
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C. run #3 
II (10.0 mg.), methanol (20 ml.), water ( 5 ml.), and sodium 
periodate (81.4 mg.) (G. Frederick Smith Chemical Co.) stood at 
26-32° for twenty one and one half hours. The reaction product was 
wor~ed up as in run #1 and crystallized from ethyl acetate, yielding 
a crop of "arrowheads", 1.6 mg., m.p. 248-252~. The mother liquor 
residue from this crop was crystallized from a mixture of ethyl acetate 
(one drop) and benzene (5 drops) yielding 0.2 mg., m.p. 235-240°. The 
mother liquor residue remaining after blowing off the solvents with 
nitrogen, was a syrup. This product was not further examined. 
IV Oppenauer oxidation of pregnan(or allopregnan) -3,20-dione-4,5-diol II 
II (9.3 mg.) and freshly sublimed aluminum isopropoxide (21.0 m!.) 
were dissolved in a solution of cyclohexanone (1.0 ml.) and benzene 
(3.0 ml.). The solution was refluxed for seven and one half hours, 
then allowed to stand, at room temperature, for twenty hours. It was 
diluted with ethyl acetate (25 ml.) and extracted with four 5 ml. portions 
of 1 N hydrochloric acid, three 5 ml. portions of 0. 5N sodium bicarbonate 
and two 5 ml. portions of water. The low boiling solvent was removed by 
distillation in a hot water bath at aspirator pressure. Neohexane (1 ml.) 
was added and the solution was cooled in the refrigerator yielding a crop 
of crystalline solid, 5.3 mg'., inserted 180°, fogged slightly at 237°, 
m.p. 243-247° with a very small fraction of the solid remaining unmelted 
at 300°. A mixture of this crop with II of m.p. 248-252° melted 242-249°. 
0 A second crop was obtained, 0.4 mg., m.p. 240-'252 • This solid was 
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considered to be crude II. 
V. Chromic oxide oxidation of pregnan(or allopregnan) -3,20-dione= 
4.5-diol II 
II (16.6 mg.) was dissolved in glacial acetic acid (5 ml.) 
(difficultly soluble) and cooled in an ice bath. Chromium trioxide 
(9.0 mg.) in 85% acetic acid (0.5 ml.) was added and washed over with 
an additional 1.0 ml. of 85% acetic acid. The solution stood at room 
temperature for twelve hours. Most of the acetic acid was then dis-
tilled off at reduced pressure. The residue was taken up in ethyl 
acetate (35 ml.) and extracted with two 10 ml. portions of water, 
four 10 ml. portions of 0.5 N sodium bicarbonate, two 10 ml. portions 
of 5% aqueous sodium hydroxide and three 10 ml. portions of water. 
The ethyl acetate phase was vacuum distilled to a colorless residue, 
0 4.1 mg., m.p. 228-240 • The residue was boiled with 0.5 ml. of ethyl 
acetate and yielded 2.3 mg., m.p. 248-251°. Its mixture with the 
starting material melted 240-249° which is not a significant depression. 
The first water extracts were acidified to pH 1 with hydrochloric 
acid, and a small amount of sodium bisulfite was added to destroy any 
remaining oxidant. The other aqueous-alkaline and water extracts were 
combined with this solution,acidified, and the whole extracted with 
three 50 ml. portions of ethyl acetate. The ethyl acetate extract was 
distilled to a residue and afforded 11.2 mg. of pale yellow syrup. 
This syrup could not be crystallized from a number of solvents; but, 
on very long standing, it partly crystallized and, on digestion with a 
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few drops of ethyl acetate, yielded 2.4 mg. of crystal, m.p. 173-177° 
which on recrystallization yielded 0.3 mg., m.p. 176-178°. The mixed 
melting point of the 173-177° melting material with 311 5-seco-4-norpregnan-
5,20-dione-3-carboxylic acid (III) of m.p. 179-179~0 was 172-178°. The 
continuous infrared spectra of this material was identical with that of 
authentic acid III produced in the hydrogen peroxide and ultraviolet 
light oxidation of progesterone and with III produced by ozonization 
of progesterone (I). 
VI Attempts to produce an acetonide of pregnan(or allopregnan)-3,20-
dione-4,5-diol (II) 
A. Zinc Chloride method 
The procedure used was that described by Sarett37• II (51.1 mg., 
m.p. 255-259°) was suspended in acetone (25 ml.) U.S.P., dried over 
anydrous sodium sulfate). Anhydrous zinc chloride (1.0 g.) was added. 
The mixture was stirred for six hours (temperature 30-38°) and then 
stood at room temperature overnight. Potassium carbonate (1.75 g., 
Merck reagent grade) was added in water ( 6 ml.), s~aken for several 
minutes and then decanted. The residue was washed with two 20 ml. 
portions of acetone. To the combined organic phase and acetonewashes 
was added 10% aqueous potassium carbonate (6 ml.). The solution was 
vacuum distilled to a small volume and extracted with ethyl acetate 
(50 ml.). The ethyl acetate phase was washed with two 10 ml. portions 
of water and distilled at reduced pressure to a residue of syrup and 
crystal, 29.2 mg. The residue was crystallized in methylene chloride-
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methanol and yielded a 13.0 mg. crop of II, m.p. 248-254°. 
B. Copper sulfate method 
This procedure was employed as described by Von Euw and 
Reichstein38• II (49.6 mg., m.p. 255-259°) was suspended in acetone 
(50 ml., U.S.P., redistilled and dried over anhydrous sodium sulfate). 
Copper sulfate (2.1 g., Merck reagent Cuso4Pentahydrate finely crushed 
and dried at 165-175° for six hours) was added and the mixture was 
stirred for sixty five hours. The mixture was filtered and the solid 
washed with acetone. The combined filtrate and acetone wash was mixed 
with potassium carbonate (0.5 g., Merck reagent grade) and filtered. 
The solid was washed with acetone. The combined filtrate and washings 
was distilled to dryness at reduced pressure. The solid residue was 
taken up in methylene chloride (75 ml.) and extracted with 0.5 N 
aqueous sodium bicarbonate (50 ml.) and water ( 50 ml.) then distilled, 
at reduced pressure to a crystalline residue, 51.9 mg •• The residue 
was crystallized from methylene chloride-methanol and afforded a 38.3 
mg. crop, m.p. 246--256° whoe infrared spectrum is indentical with that 
of the starting material II. 
VII Oxidation of progesterone with hydrogen peroxide and osmium 
tetroxide 
A. run #1 
This oxidation was carried out according to the procedure of 
3 Butenandt, Wolz, et al . Progesterone (103.8 mg., m.p. 133-134°) was 
dissolved in ethyl ether (10 ml). To this was added 30% aqueous hydrogen 
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peroxide (0.15 ml.) and osmium tetroxide (5.5 mg.) in 0.6 ml. of 
ether. The solution stood at 16-20° for twenty two hours. The ether 
was distilled at reduced pressure. The residue of solid and paksyrup 
was taken up in methylene chloride (50 ml.) and extracted with three 
17 ml. portions of 0.5 N sodium bicarbonate and with two 10 ml. portions 
of water. Then the solvent was removed using a stream of nitrogen. The 
residue was difficultly soluble even in methylene chloride or methylene 
chloride-methanol and when dissolved in sufficient warm solvent it then 
would not precipitate readily; therefore, the residue was digested with 
several ml. of ethyl acetate in which the syrup was readily dissolved 
while the crystalline solid was hardly soluble at all. This yielded 
a crop weighing 27.6 mg. (26.5%), m.p. 250-252°. Recrystallization 
from methylene chloride afforded 8.1 mg., m.p. 251-254°. The infrared 
spectrum (film) of this substance was identical with that of pregnan(or 
allopregnan)-3,20-dione-4,5-diol (II), m.p. 248-252°, produced by the 
reaction of progesterone with hydrogen peroxide and ultraviolet light. 
The mixed melting point with the same sample of diol II was 241-251° 
which is not a significant depression. 
B. r~~ 
0 Progesterone (2.013 g., m.p. 133-134) was dissolved in ethyl 
ether (200 ml.). The solution was cooled in an ice-water bath. Osmium 
tetroxide (118.2 mg. in 12 ml. of either) and 30% hydrogen peroxide 
(3.0 ml.) was added. The solution was allowed to warm to room temper-
ature and stand for twenty three hours. The reaction mixture was worked 
up as in r~ #1 and yielded two crops of crude diol II totaling 116 mg. 
(5.8%) which was recrystallized from methylene chloride and yielded 
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73 mg., m.p. 248-253°. The total neutral reaction product minus the 
5.8% of crude II ~as chromatographed on 100 g. of silica gel taking 
200 ml. eluate fractions. The following solids were isolated: 
Fraction 7 (benzene-ethyl acetate, 20-1): 408 mg. was crystallized 
in ethyl acetate. 
0 0 Crop 1: 117 mg., inserted 113 , m.p. 143-165 • This crop 
was recrystallized once from ethyl acetate and twice from 
methanol yielding 12.9 mg. of thick hexagonal plates, inserted 
207°, fogged 212°, m. p. 232-234~-0 , film A max 2.99 p (hydroxyl), 
5.9 F (carbonyl), 6.04 and 6.14 p ( at1 ~ -unsaturated carbonyl). 
The infrared spectrum was identical to that of 4-hydroxyproges-
terone (V) and a finely crushed mixture with 4-hydroxyprogester-
one, produced by dehydration of the diol II, melted 225-230°, 
~hich is not a significant depression. 
Crop 2: (from ethyl acetate) 31.2 mg., inserted 136°, melted 
at 136° with a fine suspension melting to 157°. 
... 
This crop 
was recrystallized from methanol yielding 3.3 mg. of plates, 
0 
m.p. 183-196 • 
Crop 3: (from methanol) 92 mg. of "progesterone-type" crystals, 
m.p. 129-133°. 
Fraction 8 (benzene-ethyl acetate, 20--1): 454 mg., crystallized 
in ethyl acetate. 
Crop 
Crop 
0 1: 220 mg. of "progesterone-type crystals", m.p. 131-133 • 
2: 31 mg., inserted 98°, m.p. 122-128° with a fine 
suspension melting to 180°. 
Fraction 9 (benzene-ethyl acetate, 15-1): 362 mg., crystallized in 
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ethyl acetate. 
Crop 1: 228 mg. of "progesterone-type crystals11 , m.p. 
134-135°. 
The mother liquor residue from this crop was combined with 
other material eluted from this chromatogram by benzene-ethyl acetate, 
15-1, 10-1, and 6-1. This was rechromatographed on silica gel and 
yielded a little additional crude progesterone and several mg.of 
crude diol II. 
C. rrm~ 
This rrm was prepared with progesterone (2.253 g., m.p. 132-134°), 
osmium tetroxide (153.2 mg. in 12 ml. of ethyl either), 30% hydrogen 
peroxide (3.0 ml.) and ether (200 ml.). The reagents were mixed at 
room temperature and stood at 16-19° for eighteen and one half hours, 
by which time extensive precipitation of the diol II had occurred. The 
solution was decanted from the precipitate (batch A). The precipitate 
was washed with a small amount of ether which was added to the original 
solution. This solution stood five and one half hours longer and, at 
intervals during this period, it was blown down with nitrogen until 
the final volume was approximately 75 ml •• A second precipitation of 
II (batch B) was removed by decantation as before. The combined solution 
and washings was blown down to about 50 ml. and allowed to stand at 
room temperature for an additional ninety hours. For the first 60 
hours of this last period, the solution remained colorless and there 
was some preciptation of II. During the remainder of the period, the 
solution turned black and the precipitate became coated with black tarry 
material. The solution was again decanted as before. The precipitate 
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I 
I 
was taken up in methylene chloride (250 ml.) and extracted with 50 ml. 
of water, 50 ml.. of aqueous sodium chloride and three 75 ml. portions 
of 0. 5 N sodium bicarbonate. Much eaul.sion trouble was encountered in 
these extractions and centrifUgation had to be resorted to in order to 
effect separation of the phases. The organic phase remained black, no 
colored material passed into the aqueous phases. The methylene chloride 
was distilled at reduced pressure leaviDg a black tarry and solid 
residue (batch C). 
Batch A. 42]..2 mg., m.p. 250-255°. This batch was digested with 
5 ml. of hot methylene chloride aDd yielded 358 mg. of II, m.p. 
253-257°. 
Batch B. 76.1 mg. of crude II. 
Batch C. The tarry residue was subjected to a crude chl7omatography 
on silica gel and yielded 46.9 mg. of II, m.p. 253-256°. 
The remaining reaction mixture was diluted with ethyl acetate 
(100 ml..) and extracted with two 50 ml. portions of 10% aqueous sodium 
bisulfite and two 50 ml. portions of water. The solvent was reduced to 
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a small volume by vacuum distillation and induced to peecipitate a final 
batch of II, 52.9 mg., m.p. 250-255°. The total yield of II was 26.4% of 
the theoretical. This approximates the yield of pregnan-3,20-dione-4,5-diol 
reported by Butenandt, et al3 (~, m.p. 249-250° (dec.)). 
D. Run 14 
Progesterone (5.53 g., Pfizer, lot #H-11-10-14-3-1), 30% h,ydrogen 
peroxide (12.5 ml.) and osmium tetroxide (301 mg.) were dissolved in 
tart-butanol (140 ml.). The solution stood, at room temperature, for 
forty hours under ai,i,rogen. After the first twenty six h~urs, by which 
ti.Jie an extensive precipitation of the 4, 5-dihydroxy product II had 
occurred, more 30% hydrogen peroxide (1.0 ml.) was added and the re-
action flask was again flushed out with nitrogen. At conclusion of the 
reaction period, the pale yellow supernatant fluid was decanted and the 
precipitate (Part A) was washed with tert-butanol (50 ml.) which was 
added to the liquid phase. The solution was distilled at reduced 
pressure to a volume of approximately 20 ml., diluted with ethyl acetate 
(200 ml.) and extracted with three 90 ml. portions of 10% sodium bisul-
fite and three 50 ml. portions of water. The ethyl acetate was distilled 
off at reduced pressure leaving a residue (Part B) of amber syrup and 
some crystal. Part A (1.456 g.) constituted a 25.3% yield of pregnan 
(or allopregnan)-3,20-dione-4,5-diol. Inserted on the melting point 
block at 246°, it slowly sublimed and then melted 258-259°. As adjudged 
by melting point, this material, directly precipitated from the reaction 
solution, is the purest sample of this substance that has been obtained 
despite efforts at purification of previous samples via chromatography 
and recrystallization. Section VIII describes the dehydrations of both 
parts A and B to produce 4-hydroxyprogesterone (V). The high yield of 
V obtained from Part B indicates that this hydroxylation reaction proceeds 
in higher degree when tert-butanol is used as the solvent than when 
ethyl ether is so employed. 
VIII Dehydration of pregnan(or allopregnan}-3,20-dione-4,5-diol II in 
various media 
A. Acetic acid-hydrochloric acid 
The diol II was dehydrated in various ways. The rate of dehydration 
was observed to increase with increasing acidity of the medium. The best 
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medium was found to be an acetic acid-hydrochloric acid mixture which 
led to a high yield of clean dehydration product at relatively low 
temperatures and short reaction times. The total reaction product 
from the oxidation of progesteron (I) with hydrogen peroxide and 
osmium tetroxide, run #4, was dehydrated in this medium. The dehydra-
tions of Part A (1.456 g. of II) and of Park B (reaction residue remain-
ing after removal of Part A) were carried out separately. 
1. Dehydration of Part A 
Part A (1.456 g., m.p. 258-259° was suspended in glacial acetic 
acid (250 ml.). Concentrated hydrochloric acid (4.0 ml.) was added 
and the solution warmed in a water bath at 70-75°, under nitrogen, 
for two and one half hours with occasional swirling. The diol II, 
which has an extremely low solubility in the entire spectrum of common 
solvents, went into solution during the course of the first three 
fourths hour. The solution was distilled, at reduced pressure, to a 
solid residue which was dissolved in ethyl acetate (300 ml.). The 
ethyl acetate solution was extracted with three 50 ml. portions of 
0.5 N sodium bicarbonate and two 50 ml. portions of water. The ethyl 
acetate was distilled at reduced pressure and the residue crystallized 
from 15 ml. of methanol-methylene chloride. This afforded 780.0 mg. 
of 4-hydroxyprogesterone (V), inserted 229°, sublimed, m.p. 234-237°. 
The mother liquor was blown to dryness under nitrogen and crystallized 
from 10 ml. of ethyl acetate yielding a second crop of V, 177.4 mg., 
m.p. 230-233}0 • The total presents a 69.4% yield. 
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2. The dehydration of Part B 
Part B, the total reaction residue other than part A, was 
subjected to dehydration conditions and worked up in .the same manner 
as Part A, with the difference that the temperature range of the water 
bath was 70-73°, and the warming period was 2.0 hours. Crystallization 
of the resultant amber colored crystalline residue yielded the follow-
ing crops of 4-h~o~rogesterone: 
Crop 1: (from 15 ml. of methylene chloride) 1.341 g., 
inserted 226°, sublimed and fogged and then melted 235-238°. 
Crop 2: (from 12 ml. of methylene chloride-methanol) 541 mg., 
0 
inserted 225°, m.p. 229-233 • 
Crop 3: (from methanol) 240 mg., inserted 215°, m.p. 223-229°. 
The total yield of 4-~droxyprogesterone from Parts A and B was 
3.079 g., or 57% of the theoretical yield from 5J53 g. of progesterone. 
To effect purification, crude 4-hydroXYProgesterone was sublimed at 
0.004 mm. Hg and 170-195°. The sublimate was crystallized from methylene 
chloride yielding the pure product of m.p. 238-239°. 
B. Acetic acid, run #1 
II (20.5 mg.) in glacial acetic acid (8 ml.) was refluxed for one 
hour. Acetic acid (2 ml.) was distilled off and reflux continued three 
hours longer. The acetic acid was removed by vacuum distillation, the 
residue taken up in ethyl acetate (120 ml.) and extracted with aqueous 
0.5 N sodium bicarbonate and with water. The ethyl acetate was blown 
off under nitrogen, leaving a solid residue, 18.8 mg •• The residue was 
crystallized from ethyl acetate and afforded a first crop, 9.9 mg., m.p. 
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0 . 0 222-228 ; a second crop, 2.2 mg., m.p. 215-233 ; and a third crop, 
1.6 mg., m.p. 208-218°. Fractional crystallization of the first 
crop yielded 1.3 mg. of II crystallizing as minute "arrowheads", 
m.p. 248-252°. The entire product of this reaction was, therefore, 
recombined in glacial acetic acid (12 ml.) and refluxed for four 
hours. The acetic acid was vacuum distilled to a residue of pale 
amber solid, 16.2 mg •• This residue was crystallized from ethyl 
acetate and yielded 9.0 mg. of hexagonal plates, m.p. 225-232°, (47%). 
Two recrystallizations from ethyl acetate yielded 3.5 mg. of 4-hydro~y­
progesterone, m.p. 232-235°. 
C. Acetic acid, run #2 
II (54.7 mg.) in glacial acetic acid (40 ml.) was refluxed for 
two hours. Acetic acid (10 ml.) was distilled off and reflux continued 
for an additional four and one-half hours. The solvent was vacuum 
distilled and the residue worked up and crystallized as in run #1. 
The crystallization product had the appearance and solubility character-
istics of the incompletely dehydrated products from run #1; therefore, 
all neutral product of this reaction was recombined in glacial acetic 
acid (50 ml.) and refluxed for three hours. Workup and crystallization, 
as described in run #1, gave 16.8 mg. (32%) of crystalline solid melting 
210-225°. One recrystallization from ethyl acetate yielded 9.4 mg. of 
0 4-hydroxyprogesterone, m.p. 230-233 • 
D. Acetic acid, run~ 
II (50.1 mg.) in glacial acetic acid (50 ml.) was refluxed for 
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seven hours. Workup as described in run #1 yielded an almost 
colorless solid residue of 47.5 mg •• The residue was crystallized 
from etQUl acetate to yield 32.4 mg. of crude 4-hydroxypregesterone, 
m.p. 226-229° (68%). Two recrystallizations from ethyl acetate 
yielded 9.5 mg. of product which, when placed on the melting point 
block at 215°, sublimed at approximately 218° and melted 230-233°. 
Inserted at 225°, it immediately began subliming and melted 233-234°. 
E. Iodine and toluene 
II (60.1 mg.) was suspended in redistilled toluene (150 ml.) 
(very little solution in the cold but the II is readily soluble in 
hot toluene). 1.0 mg. of resublimed iodine was added and the solution 
slowly distilled in an apparatus designed to return the toluene to the 
boiling flask and to retain water. The solution was refluxed for two 
hours, then cooled and extracted with 5% aqueous sodium sulfite, sodium 
bicarbonate and water. The toluene was vacuum distilled to a colorless 
crystalline residue (59.7 mg.). The residue, on recrystallization, 
yielded a 53.7 mg. first crop of high purity II, inserted 205°, m.p. 
253-256t0 • There would appear to be essentially no dehydration of II 
in two hours at the temperature of boiling toluene and in the presence 
of iodine. 
F. Toluene and p-toluenesulfonic acid, run #1 
The total neutral reaction product from the preceding attempt at 
dehydration in toluene with iodine catalysis (59.7 mg.) was suspended 
in toluene (125 ml.). p-!oluenesulfonic acid monohydrate (54.0 mg.) 
was added and the mixture put under reflux for two hours. The 
suspended solids rapidly dissolved in the hot toluene. .~ter two 
hours of reflux, the solution had acquired a pale smber color, 
indicating that use of p-toluenesulfonic acid as the dehydration 
catalyst under these conditions causes a slow charring of the product. 
The solution was then cooled to room temperature and extracted with 
water, 0.5 N sodium bicarbonate, and again with water. The solvent 
was then distilled off at reduced pressure leaving a residue of 
slightly amber colored crystalline solid weighing 63 mg •• This 
residue was crystallized from ethyl acetate yielding Le-hydroxy-
progesterone. 
Crop 1: 30.3 mg., m.p. 227-232° (sublimation). 
Crop 2: 3.3 mg., m.p. 217-226° (sublimation). 
The total crude yield is 59% of the theoretical. 
G. Toluene and p-toluenesulfonic acid, run #2 
II ( 297. 5 mg.) was suspended in toluene ( 200 ml.) • 
p-toluenesulfonic acid monohydate (81.6 mg.) was added and the mixture 
put under reflux as before. After one half hour of reflux the solution 
had darkened somewhat and a spot of red-black material had collected 
on the lower end of the glass ebullator. Presumably, the fact that 
the liquid is much of the time forced away from the flask surface at 
this point, due to vapor issuing at the ebullator tip, permits a very 
hot spot to develop and contributes to charring of the product. Reflux 
was, therefore, interrupted and a glass-enclosed magnetic stirrer 
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substituted for the ebullator. Boiling was recommenced for an -
additional one half hour, after which the solution was cooled to room 
temperature and extracted with water, 0.5 N sodium bicarbonate, and 
again with water. The toluene was distilled at reduced pressure leaving 
a residue of crystalline solid with a light brown color. On crystalli-
zation, the residue was found to still contain considerable II. It was 
. 
therefore resubjected to dehydration, under the precise same conditions 
as before, for one additional hour. Workup, as already described, 
yielded 296 mg. of amber solid. This residue was crystallized from 
ethyl acetate and gave 2 crops of crude 4-aydroxyprogesterone: 
165 mg., m.p. 221-231° (sublimed); and 35 mg., m.p. 210-232° (sublimed). 
The total crude yield is 71%. 
IX Purification of 4-Hydroxyprogesterone (V) 
A combination of several crops of impure V produced in the dehydrations 
of Part VII (260 mg.) was chromatographed on 15 g. of silica taking 30 ml. 
eluates. The following fractions yielded V: 
Fractions 4 to 5 (benzene-ethyl acetate, 20-1): 59.4 mg., 
crystallized in methanol. 
Crop 1: 52.8 mg., inserted 227°, m.p. 234-237~0 (sublimed). 
Crop 1 was combined with Fraction 3 (134 mg.) and crystallized in 
methanol (20 ml.) to produce 159.2 mg., inserted 227°, m.p. 238-240°. 
A further recrystallization from methanol (10 ml.) yielded 142 mg. of 
4-hydroxyprogesterone, inserted 227°, m.p. 238-240° (sublimed), 
~J~3 +184° !3° (9.24 mg. in 2.00 ml. of chloroform), 
278-279 1llJl ( € 11700) {0.280 mg. in 10.0 ml.) (enol of 
"J\. methanol 
max 
c< -diketone 16) , 
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film )\max 2.92 r (hydroxyl), 5.88 r (carbonyl), 6.01, 6.4 r 
( ~'~ -unsaturated carbonyl). 
Anal. Calcd. for c21H30o3: C, 76.3; H, 9.1 
Found: C, 76.7; H, 8.9 
X Acetylation of 4-Hvdro~ypregesterone V 
A. Attempted acetylation with acetic anhydride and pyridine 
4-Hydroxyprogesterone (9.9 mg.) was dissolved in pyridine 
(0.35 ml.). Acetic anhydride (0.35 ml.) was added. The solution 
stood at room temperature for twenty hours under nitrogen. The 
solution was distilled under reduced pressure to a pale amber 
crystalline residue which was kept in an evacuated desiccator over 
concentrated sulfuric acid for two days and then crystallized from 
ethyl acetate. The only product that could be crystallized out was 
unchanged 4-hydroxyprogesterone, m.p. 235--237°. The infrared spectrum 
was identical with that of the starting material. 
B. Acetylation by reflux in acetic anhydride 
run #1 
4-Hydroxyprogesterone (10.8 mg.) was refluxed in redistilled 
acetic anhydride ( 2 ml.) for one hour. The acetic acid and excess 
acetic anhydride was distilled off at reduced pressure. The residue of 
colorless syrup was taken up in ethyl acetate and washed with 0.5 N 
sodium bicarbonate and with water. The ethyl acetate was then blown 
off under nitrogen leaving a colorless syrup still smelling faintly of 
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acetic anhydride. The residue was kept in vacuo over solid sodium 
hydroxide overnight, which rid it of this odor. Efforts at crystalli-
zation from a number of common solvents were unsuccessful. The 
residue was finally leached with neohexane leaving a partially solid 
residue, 1.7 mg •• The leached portion was crystallized from neohexane 
and yielded 6.6 mg. of crystalline solid, m.p. 146-155°. Four re-
crystallizations from n-hexane gave 2.0 mg. of 4-acetoxyprogesterone 
(X), m.p. 165-167°, i\ methanol 245 mp ( E 12,200) ( 0. 241 mg/8. 00 ml.) 
max 
(monoace~ate of the enol form of an Cl( -diketone16), }\ ~im 5. 69 p 
(ester carbonyl), 5.91 p ( 0(, ~-unsaturated carbonyl), 6.12 )l (double 
bond), 8.20, 8.29 r (acetate). 
run z¥2 
4-Hydroxyprogesterone (V) (20.1 mg.) was refluxed in acetic 
anhydride ( 4 ml.) for one hour. Workup, as effected in run 41, 
gave a residue of syrup which was crystallized from n-hexane to 
yield 20.1 mg. of crystalline solid, m.p. 156-161°. Efforts to 
improve the purity of this product by recrystallization gave indiffer-
ent results, so all crops and mother liquor residues were recombined 
and chromatographed on silica gel. A fraction eluted by benzene-
ethyl acetate (20-1) (16.4 mg.) was crystallized to give 12.5 mg., 
m.p. 143-153°. One recrystallization from methanol (2 drops) and 
a further recrystallization from n-hexane afforded X, 6.0 mg., m.p. 
164~-167~0 , 'U~3o +133? !5° (7.25 mg. in 2.00 ml. of acetone). 
V recovered from the optical rotation measurement was recrystallized 
giving 4.1 mg., m.p. 167-168;,~. This sample was used for the carbon-
hydrogen analysis. 
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Anal. Calcd. for c23H32o4: 
Found: 
c, 74.2; 
c' 73.8; 
H, 8. 7 
H, 9.0 
XI Oxidation of 4-Mvdro&yprogesterone with ozone under 
non-isomerizing conditions 
4-Hydroxyprogesterone (51.4 mg., m.p. 238-239°) was dissolved, 
at room temperature, in ethyl acetate (200 ml., redistilled and 
dried over anhydrous sodium sulfate). The solution was i~~ediately 
cooled to -14° C. in an ice-salt water bath. A slow stream of 
less than 5% ozone in oxygen was passed through the solution until 
the effluent gas ca.used a 5% solution of aqueous potassium iodide 
to show the color of iodine. Then glacial acetic acid {25 ml.), 
water (10 ml.) and 30% aqueous hydrogen peroxide {1.0 ml.) were 
added to the cold solution which remained homogeneous. An additional 
20 ml. of water was added until the organic phase wa.s saturated and 
two liquid phases persisted. The mixture was put under refrig-
eration, overnight. After refrigeration, 1.0 ml. more 30% 
hydrogen peroxide was added. The solution was warmed on a hot plate 
at 95° for approximately one hour and then was distilled in vacuo 
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to a volume of about 2 ml •• This residue was taken up in ethyl 
acetate (50 ml.) and washed with a solution of 2 g. sodium 
bisulfite in 20 ml. of 0.5 N hydrochloric acid. 
Agueous phase 
discarded 
Ethyl acetate phase 
Extracted 4 X 20 ml. of 
1 M sodium carbonate. 
I 
Agueous phase 
discarded 
Aqueous phase 
Acidified with hydrochloric 
acid (no precipitate), 
saturated with solid sodium 
chloride (precipitate), and 
extracted 5 X 50 ml. of 
methylene qhloride. ( 
I 
Ethyl acetate phase 
The residue, after 
distilling solvent, 
was 2.8 mg •• 
Methylene chloride solution 
The residue, after vacuum 
distillation, was 49.4 mg. 
of slowly crystallizing 
syrup. 
9.3 
The acidic fraction (49.4 mg.) was crystallized from ethyl 
acetate and yielded the following crops of a substance whose 
melting point and continuous infrared spectrum a~e those of 
3fl 5-seco-4-norpregnane-5,20-dione-3-carboxylic acid (III): 
Qro12 1: 21.7 mg.' m.p. 178t-180°. 
Cro12 2: 13 .o mg.' m.p. 178-179°. 
Cro12 3: 3.0mg., m.p. 174-177l;:rt 
Cro12 4: 3.0mg., m.p. 173-177°. 
Cro12 5: 1.6 mg.' m.p. 179:.,.176°. 
The total yield of acid III is 83% of the theoretical. No 
other product could be induced to crystallize from the remaining 
mother liquor. 
XII Pre12aration of testosterone acetate VII 
Testosterone (1.015 g.) (C.P. Pfizer and Co. Inc., lot 
34bw532620), m.p. 156-158°, was disseyed in a solution of pyridine 
(5 ml.) and acetic anhydride (5 ml.). The solution stood at room 
temperature for nineteen and one half hours. To remove the 
pyridine, acetic acid and excess acetic anhydride, the solution was 
transferred to a molecular still and warmed at 38-45° under 15 mm. 
pressure. As the relatively low boiling substances were removed, 
the residue solidified. The residue was taken up in methanol (40 ml.). 
Water (75 ml.) was slowly added with swirling. This resulted in a. 
copious precipitate of long needles. The precipitate was filtered, 
washed with water, air dried on a suction filter for five minutes and 
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finally put under aspirator vacuum. 
0 testosterone acetate, m.p. 142-145 
The yield was 1.37 g. of 
(lit. ~.0 139-140°). Tfuis 
product was used in the oxidation of testosterone with hydrogen 
peroxide and osmium tetroxide, run #1. 
In another preparation of testosterone acetate, this same 
procedure was used with the difference that the residue, after 
sublimation of the low molecular weight components, was dissolved 
in ethyl acetate and extracted with 0.5 N hydrochloric acid, 
0.5 N sodium bicarbonate, and with water. This treatment did not 
materially affect the purity of the product as evidenced by melting 
point. Nor did more extensive drying in vacuum dessicator over 
potassium hydroxide affect the melting point. 
XIII Oxidation of testosterone with hydrogen peroxide and osmium 
Tetroxide and dehydration of resultant products 
A. run #1 
Testosterone acetate (VII) (1.367 g., m.p. 142-145°), osmium 
tetroxide (34.4 mg. in 3 ml. of ethyl ether) and 30% aqueous 
hydrogen peroxide (2.6 ml.) were dissolved in ethyl ether (25 ml.). 
On addition of the hydrogen peroxide, a slow gas evolution was 
observed. The solution stood for nineteen and one half hours at 
room temperature. More 30% hydrogen peroxide (0.25 ml.) was then 
added (this time occasioning no gas evolution) and the solution 
stood for two and one half more hours. It was then diluted, 
washed into a separatory funnel with ethyl acetate (150 ml.), 
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and extracted three times with water. The ethyl acetate phase 
was distilled at reduced pressure to a colorless syrup residue 
that could not be crystallized from acetone or acetone-neohexane. 
During crystallization attempts, the solution began to turn amber 
so the residue was tA.ken up in ethyl acetate and extracted with 
5% sodiwn bisulfite. In this process, the aqueous bisulfite phase 
turned dark brown while the ethyl acetate, which had been a pale 
amber, became colorless. The ethyl acetate was removed at reduced 
pressure, leaving an amber syrup-residue which could not be crystall-
ized. This residue was chromatographed on 60 g. of silica gel taking 
100 ml. eluates. The following eluate combinations yielded crystalline 
solids. 
Fractions 4 to 7 (benzene-ethyl acetate, 20-1, 40-1): 555 mg., 
crystallized in ethyl acetate. 
Crop 1: 144 mg., inserted 117°, m.p. 141-143° 
Crop 2: (from hexane-benzene) 246 mg., clusters of thick 
needles resembling testosterone acetate, m.p. 139-14~0 
Fractions 10 to 15 (benzene-ethyl acetate, 40-1): 271 mg., 
crystallized in ethyl acetate. 
Qrop 1: 42 mg. , inserted 110°, most mel ted 158-168° with 
isolated blades or plates melting 195-~13° 
Crou 2: (from hexane-benzene, 3-1): 63 mg., plates and 
needles, m.p. 167-176° 
Fractions 16 to 19 (benzene-ethyl acetate, 20-1): 156 mg., 
crystallized in ethyl acetate. 
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Crop 1: 15.4 :mg., a.p. 171-218° 
Crop 2: 7 4 11g. or needle clusters, inserted 140°, shrank 
aDd fogged at 160-162°, a.p. 167-193°. This crop vas 
turt.her crystallized rroa MthaDol and yielded 7. 8 :ag. 
or rectangular plates, inserted 133°, m.p. 186-190°. 
"ll. film 
'"au 2.80 p. (eydro:J'1'1), 5.8 p (ester carbo~l), 7.99 
J1 (acetate) Butenandt, et al3, reported a melti.Dg point 
or 185-188°. for this substance which they named 
androstaDODe-3-triol-4,5,17-monoacetate-17. They, also, 
reported difficulty in obtaining the product as a homogeneous 
pure substance. The mother liquor or this crop vas subjected 
to ultraviolet absorption spectrometry and displayed a weak 
absorptioD peak at 270-280 mu. This suggests that partial 
dehydration of the hydro:J'1'latecl product has occurred under 
th.e collditiou or this reactioD resulti.Dg in a product 
contain1Dg the enol fora or a Q(-liketone. 
FraotioD 20 (beuene-etbyl acetate, 6-1): 69 mg. was crystallized 
in he:xane-be!:azene, 3-1. 
Crop 1: 4lag., a aixture or •needles" 8l2d 8 plates11 ' illserted 
164°, the •plates• aelted 177-184°, the "needles" melted 
0 
183-203 • 
The follovi.Dg recombination vas JUde: Fractions 10 to 15, crops 
1 ad· 2 and the mother liquor of crop 2; Fractiou 16 to 19, crop l 
and the 110ther liquor of crops 2 and 2'. The solution was blovn down 
to a residue (419 mg.) under nitrogen, dissolved in toluene with 
p-toluenesultonic acid 110nobydrate and refiuxed for one aDd one fourth 
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hour. The solution vas cooled to rooa temperature and extracted 
with one ;o Ill. portion of water, three 75 Dl.. portions of 0.5 If 
sodi\Dil bicarbonate aDd again twice with water. The tolU8De vas 
distilled off at reduced pressure leaTiDg a residue of crystalline 
material, 428 mg.. This residue vas cry-stallized frOlll methanOl 
7ielding 84 mg. of what is assumed, b,- UL'alog1 with the progester-
one case, to be 4-h7droJQTtestosterone-17-aeetate (VIII) , loDg 
0 
needles, a.p. 190-192 • Two recr1stallizations from aethanol 
raised the aeltiJig poiDt to 19.3-195° when inserted on the meltiJig 
point block at 178°. The substance sublimes below its aelti.Dg 
poiDt, vhieh causes soae difficult7 in obtaiJli.Dg this datum. 
~filii 2.92 )1 (.b7dro:J71), 5. 78 Jl (eater earboDYl), 5.97, 6.10 
MX 
Jl ( oc,fS -UilSaturated carbon_rl), 8.05 u (acetate). 
B. run 112 
SeTeral preparations sildlar to ra Ill gaTe low and Tariable 
7ielda of either the dih1dro:Q"lated product or of 4-hldro:Q'testost-
erone-17-acetate, yield of the latter product being approxillately 
7% at best. It vas decided to tey t-bu.tanol as the reaction solTent. 
4,5 
Tert-butanol has been used in this reaction by Miles and Sussman • 
These workers used an anhydrous solution of h1drogen peroxide 
equiTalent to that of the substance beillg h1dro%1'lated. It vas 
decided here to attempt the reaction with this solTent and an excess 
of .30% aqueous .tqdrogn peroxide as 1D the previous reactions. 
Testosterone acetate (512 Dl.) vas dissolTed in t-butanol (18 :ml.) 
aDd .3o,C aqueous hydrogen peroxide (1.2 :ml.) vas added, followed by 
osailDl tetroxide (26 ag. iD 4 Ill. of t-blltallol). The solution stood 
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forty a:nd one half' hours at ro011l tellperature. Hydrogen peroxide 
(4 drops of' 30% aqueous) vas added &Del the solution stood f'or an 
aclditioDal. hour. Vater (10 al.) vas adcled. an4 :aost of' the t-butanol 
distilled of'f' at recluced pressure. The residue vas extracted with 
ethyl acetate (100 al.) aDd the ethyl acetate phase extracted with 
three 25 al. portions of' 5~ sodiua 'biculf'ite, four 25 ml. portions 
of' 0.5 I sodima bicarbonate, an4 two 25 ml.. portions of' water. The 
ethyl acetate vas distilled of'f' at reduced pressure leaviDg a 
colorless crystalline residue veighiDg 599 ag •• Attempts to 
cr,rstallize this residue yielded low aeltiDg solids aDd so it was 
chroaatographed on slliea gel. Alaost all of' the eluant vas removed 
trom the colu. by benzene-ethyl acetate, 2o-1. Crystallization 
atteapts produced oDly mixtures of' Mterials aeltiDg iD the ranges, 
180-190°, 190-219°, lSQ-207°, 17o-185°. All of' the 11aterial eluted 
by benzene-ethyl acetate, 20-1, (516 ~~g.) vas dissolved in tolueJle 
with 66 mg. of' p-tolueneaul.f'onic acid aouo.b1'drate, and the solution 
refiuxed for oae and one half hours. .Uter cooltag to rooa tellper-
ature, the solution vas extracted with oae SO al. portion of water, 
three 50 ml.. portions of 0.5 I sodi• bicarbonate and again with 
two 50 111. portioas of water. Tlut toluene phase vas distilled at 
reduced pressure to a l!lightl7 Ulber-colored crystalline residue 
which vas crystallized f'roa •thanol. This yielded a 201 mg. crop 
of' 4ifdroXJi;estosterone-17-monoacetate in the fora of' long needles 
which, when inserted on the 11eltiDg point block at 185°, ilmaediately 
0 began to sublime and melted 193-194 • The :aother liquor residue vas 
cbroaatographed on 16 g. of' sllica gel. The folloviDg eluate fractions 
yielded solids: 
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Fractiou 2 to 5 (beuene-etJv-1 acetate, 40-1): 92 mg. cr7stallized 
iD aetha.llol. 
Crop 1: 5.3 :mg., m.p. 194-196° (aubl.), lo~~g needles. 
Crop 2: 8 mg., m.p. 19.3-195° (subl.), lo~~g needles. 
The total 7ield of' 4-hydro~estosterone-17-monoacetate (VIII) 
isolated is 262 mg. (49% based on 512 mg. of' VII). 
Fractions 6 to 8 (beuene-et.byl acetate, 2o-1): 9.7 mg. vas 
cr7stallized in n-hexane. 
Qrop 1: 24.0 mg. , inserted 185°, m. p. 20.3-208° ( subl.) • This 
crop vas recr7stallised f'rom hexane-beuene 1-1 aDd again f'rom 
n-hexane produc1Dg 6.4 mg. of lo~~g thin needles, a.p.214-219°, 
f'ila ~aax 2.82 p (hydro~l), 5.79 f (ester aarbo~l), 5.8.3 ¥ 
270 (carboDTl), 8.00, 8.06 Jl (acetate). ]\. liJ1 (0.9 ag. 
JI8X 
in .3 lll. of' aethanol) • This ultraviolet absorption peak is of' 
TC7 low intensitY" aDd li8J' be eausecl b7 an illpuri t7. 
C.rua #3 
Testosteroae acetate (1. 77.3 g.) vas dissolved iD t-butanol 
lOO 
(65 lll.). By'clrogen peroxide (4.4 Ill. of' .30% aqueous) vas added, with 
swirling, followed b7 oSJii.Uil tetroxide (98.8 mg. in 5 ml. of' t-butanol). 
The oaai:ua tetroxide vas washed over with an additioDal. 5 ml. of' t-butanol. 
The solution stood f'or nineteen hours at room temperature; then 1.0 ml.. 
more .30% hydrogen peroxide vas added and the solution stood an additional 
tvent7 one hours. It vas then reduced approxiaatel.y' two-thirds in 
vollDile b7-distlllation at reduced pressure, water (50 ml..) was added 
and it vas extracted with eteyl acetate (200 ml.). The colorless ethyl 
acetate phase vas extracted vi th 10% sodia bisulf'i te, 0. 5 I sodillll 
bicarboDate, aDd with water. The etbTl acetate was distilled at 
reduced pressure leavi.Dg a colorless Cr,'stalliDe residue. This 
residue was divided in two portions, Part A of 927 mg. and Part B 
of 915 mg •• This division was effected for the purpose of comparing 
two methods of dehy'drati.Dg the total crude product. 
1. Dehzdration of Part A 
The 927 mg. of crude IITdroXTlated product aDd 85.4 mg. of 
p-toluenesulfoDic acid monohydrate were dissolved in toluene (100 :ml.) 
aDd refluxed for one hour. The solution was cooled to ro011 taperature 
aDd extracted vi th one 50 Ill. portion of water, three 50 ml. portions 
of 0.5 If sodia bicarboDate aDd two 50 ml.. portions of water. The 
toluene was distilled off at reduced pressure leaviDg an amber arys-
talline residue. This residue was cbroaa.tographed on 46 g. of silica 
gel. Beuene-et.byl acetate 40-1 elutecl 5.3.3 mg. of crude 4-hydroq-
testosterone-17-acetate (VIII) v.bich vas crystallized tram methanol 
yielding the followiDg three crops: 
Crop 1: l.fJ4 mg. crystalliziDg as long needles and prisms, 
inserted 185°, subliaed at 185°, m.p. 194-197°. 
Crop 2: 67 mg. , inserted 185°, sublilled and then ael ted 
19.3-195°. 
0 ..1..0 Crop 3: 9 :mg., inserted 181 , melted 191-194~ • 
The overall yield of 4-hy'droXTtestosterone-17-acetate corrected 
for the division of the crude 4,5-d~oXT product vas 51% of the 
theoretical. 
2. pehydration of Part B 
The 915 •· of crude h7droqlated product vas dissolved in 
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glacial acetic acid (50 ml.). Concentrated hydrochloric acid 
(0.8 ml..) vas added and the solution vas varaed in a water bath at 
65-71°, under nitrogen, for four hours. The solvent was distilled 
at reduced pressure. The slightl7 saber solid residue vas taken up 
ill ethyl acetate (150 ml.) aDC1 extracted with four SO ml. portions 
of 0.5 If sodium bicarboDate and two SO lll. portions of water. The 
ethyl acetate phase vas vacuua distilled to a slightly amber-colored 
crystalliDe residue, 849 mg. • This residue vas chromatographed on 
45 g. of silica gel. Benzene-eth;yl acetate, 40-1, eluted 780 mg., 
which vas crystallized f'rOJR methanol and yielded the following crops 
or 4-bydrOXJtestosterone-17-acetate: 
Qrop 1: 563 Jag., inserted 185°, sublimed and then melted 
at 194-196°. 
Qrop 2: 75 mg. , inserted 185°, subliaed and then mel ted 
192-195°. 
Crop 3: 13 :mg. , inserted 182°, sublimed and thea aelted 
188-191°. 
The total yield of 4-h1dro~estosterone-17-monoacetate (VIII) 
was 651 mg.; and, with correction for the division of the crude 
dihydroxy product, this was 71% of the theoretical, based on 
testosterone acetate used. 
The folloviDg data are found for VIII: .g~3° + 82° !4° (8.4 mg. 
in 1.00 ml. of chloroform), ]\max 277ap. ( t 13500) (0.28 mg. in 
10.0 ml. of methanol). This absorption peak iDdicates presence of 
the enol fora of an a( -diketone16• 
ADal. Calcd. for c21 H30o 4: C, 72.8; H, 8. 7 
Found: C, 72.6, 72.6: H, 8.7, 8.6. 
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XIV Hld£o1fsis of 4-Hydrgxrtestosterone-17-monoacet&te VIII 
A. With agueous-methanolic sodi'llll hydroxide 
4-ijydroxytestosterone-17-acetate (56.9 mg.} was dissolved in 
methanol (15 111..}. Sodium hydroxide (0.8 ml.. of 10% aqueous} was 
added. The air was flushed froa the flask with nitrogen and it 
then stood forty five minutes at rooa temperature. The solution 
was neutralized with glacial acetic acid and aost of the methanol 
was distilled off at reduced pressure. Water was added to the 
residue and the flask's contents were extracted with SO Ill. of 
ethyl acetate. The eth11 acetate phase was extracted vi th three 
35 ml. portions of 0.5 ll sodium bicarbonate and tvo 35 ml.. portions 
of water. The ethJl acetate phase vas then distilled at reduced 
pressure leaving a colorless residue of er,ystal and syrup. Attempts 
at ceystalliziug this residue :from boiling n-hexane and from methanol 
yielded only a Sll8ll amount of low-melting product so the total re-
action residue was recoabined and resubjected to hydrolysis precisely 
as before, but for a period of one and one half' hours. Workup as be-
fore gave 54 mg. of slightly Bllber arystal and syrup which vas 
ceystallized frOil hexane-methanol, yielding 15.6 mg. of solid, m.p. 
193::-212°. Several reerystallizations f'roa ethyl acetate finally 
yielded oDly 3. 0 :mg. of still illpure 4-.bydro:qtestosterone, m. p. 
219-222° (6%), X~ 2.80 }l (h1dro~l), 2.86 p (hydroxyl), 5.99 J1 
(carbou.yl)' 6.04, 6.08, 6.13 p ( oc,p -unsaturated oarboiO"l). 
B. Jith agueous-alooho1ic pota.asig g,droxide 
run 111 
4-lf.Ydro:q'testosterone-17-iiODOacetate (.44.4 mg., m.p. 194-196°) 
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vas c:lisaolTed i1l 95% ethanol (6.0 .t.). Potassium hydroxide (96 • .3 mg. 
or 85%) vas adc:led. On solution or the alkali, the solution assumed 
a pale 7ellov color proba.bJ.T due to the anion or the ct-41ketone 
enol. The solution stood at rooa taperature for fifteen hours. It 
vas dlluted with 0.5 1f sodium bicarbonate (.30 ml..) aDd extracted with 
three 40 .t. portions or met.bTlae chloride. The combined met.bTlene 
chloride phases were distllled at reduced pressure to a residue of 
crystal and syrup. The appearance or the residue indicated that 
hydrol7sis was iucom.plete. It vas redissolTed i1l 95% ethanol (4 ml..) 
with 70 mg. or 85% potassilDl hy'droxicle aDd allowed to stand at room 
tellperature for twenty tvo hours. Workup as before 7ielded .37 .4 mg. 
or C!'7Stal and syrup which vas C17Stallised trOll eth7l acetate to 
yield the folloviBg tvo crops of 4-lVdroXJtestosterone (II): 
Qrop 1: (frOlll be!lzene) 7.2 mg. or needles, inserted 185°' it 
begm to slovq subl.iae at approxiaateq 200°, mel ted 
0 
22.3-226 • 
Crop 2s (from ethyl acetate) 5.0 :mg., inserted 205°, aublilled 
maec:tiateq 8l1d melted 221-224°. 
0 0 Crop 3: 1.6 mg., iDaerted 201 , a.p. 215-222 • 
Crop 4: 0. 5 mg. , inserted 205°, sublimed and mel ted 224-226 °. 
The total yield or crude IX was 66'/, or the theoretical. 
c. Yith '9ue0Uf:118thanolic potassiua bicarbonate 
run 11 
4-JV'drolcytestosterone-17-monoacetate (.39. 0 mg.) was dissolTed. i1l 
methanol (4.5 ti.). PotassilDl bicarbomate (163 mg.) vas added iul ti. 
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of water aDd the mixture was refiuxecl four hours. A precipitate 
occurred on addition or the aqueous potassium bicarbonate aDd 
dissolved in approxillately fifteen Jdnutes of renux. The pale 
yellow solution was blown down with nitrogen untU most or the JUthanol 
was removed 8Jlcl precipitation of or7stal.liae solid occurred •. Water was 
aclded dropwise untU DO more solid caae out of solution. The precip-
itate was filtered aDd washed on the filter with water. The precip-
itate was then dissolved &lid washed through the filter with acetou. 
The acetone was blown off with nitrogell. The residue was diseolved in 
a wiD1JIQil or boilbg ethyl acetate which vas thea allowed to cool. The 
followbg crops or sOJRewhat low meltbg 4-hTdro:JTtestosterone were 
thus obtained: 
Crop 1: 7.6 mg., inserted on the meltiDg point block at 215°, 
0 
subl.iaed and the melted 222-223 • 
0 0 Qrop 2: 7. 2 mg. , inserted 217 , m. p. 218-221 • 
Crop 3: 3. 7 mg., inserted 215°, a.p. 217-220°. 
The total yield ot crude II of 18. 5 mg. vas 54% of the theor-
etical. The illtrared spectrua was idelltical with that of IX 
produced with aqueous methaDOlio sodiUJI hydroxide. 
nml2 
4-tiydro:J"Ttestosterone-17-monoaoetate (VIII) (50.3 mg.) vaa mixed 
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with methamol (5 111.), potassiua bicarboDate (147 mg.) and water (1.2 ml..). 
The mixture vas refiuxed tor two hours. The VIII coapl.etel7 dissolved 
duriDg approxillatel.y ten Dd.autes of renu.x. .lcetic acid vas added to 
neutralize the excess base and the •thallOl vas blova ott vi th ni~ogen 
atil precipitation occurred. Water was added until precipitatioa vas 
complete. The precipitate vas taken up aDd the aqueous phase 
extracted with et~l acetate (50 Ill.). The e~l acetate phase 
vas extracted vith three .30 :ml. portiou ot 0. 5 I sodiWil bicarbonate 
aD4 two .30 lll1.. portiou ot water. The ethJl acetate phase vas dis-
tilled at reduced pressure to a residue ot cr7stal aDd s,.rup vhicb 
was set up tor cr7stallization in the .tDt.wa ot hot etbTl acetate 
aDd ,-ielcled the rollovi.Dg crops: 
Crop 1: 17.7 ac., ill8ertecl 218°, subliaed and then JUl. ted 
at 222-22.3°. 
0 r,.l__ 0 Crop 2: 7.1 mg., inaerted 215 , •·P• 21rr222 • 
0 . 0 Crop 3: 2.2 ag., inserted 200 , a.p. 207-221 • 
The total 7ield of crude product vas 61$ of the theoretical. 
rup#3 
4-M7droxYteatosterone-17-.onoacetate (8.30 mg.) vas clissolYed in 
methanol (100 ml.). Potassi'WI bicarbonate (2 • .35 g. in 20 ml. or 
water) was added aDd caused couiderahl.e precipi tatioD or solid. The 
llixture vas retluxed lUider Divogea tor one aDd three-fourths hours. 
The precipitate dissolved in appronaateJ.r three llinutes of renux. 
The solution vas distilled at reduced pressure to a voluae ot 25 Ill. 
causiDg precipitation of solid. Vater (100 Ill.) vas added, then the 
precipitate vas taken up aDd the aqueous phase extracted vith eth7l 
acetate (250 lll..). The ethyl. acetate pllase vas extracted vith three 
75 ml. portions of water, then clistilled, at reduced pressure, to a 
colorless cr.rstalline residue. The residue vas cr,.stallized tram 
106 
acetonebut 7ielded very l.ov aeltiDg uterial. This vas taken as evidence 
of incomplete bJdrolysis; aDd so the entire reaction residue vas resUb-
jected to qdrolysis, precisely as before, tor aD adcUtiollal. one 
aDd three-fourths hours. J.tter renux, the solution vas stored oYer-
Dight under refrigeration aDd then worked up as alrea.d7 described. 
Crystallisation nov yielded the tolloviDg crops ot 4-.bydroxytestos-
terone: 
Crop 1: (trom acetone) 213.1 :mg., inserted 217°, sublimed 
a.D.d then mel ted 2241-226 °. 
0 0 Crop 2: (from acetone) 129.3 mg., inserted 217 , m.p.22.3i-225 • 
0 0 Crop 3: 79.5 mg., inserted 212 , m.p. 219-223 • 
The mother liquor ot Crop 3 vas blown down to a residue 
(approximately 280 ag.), dissolYed in methuol (35 Jll.) vith potassium 
'bicarbonate (0.76 g.) aDd vater (7 Ill.). The solutioa vas refiuxed 
tor oae aDd one halt hours, refrigerated oYernight and worked up as 
before. The erade reaction proiuct vaa crystallized and yielded the 
tolloviDg additioaal crops or 4-h1dro2Jtestoaterone: 
Qrop 1: (troa aethaaol) 50.0 Ill•, inserted 215°, a.p.223-225°. 
0 .1._0 OroP 2: 57.8 111. , inserted 215 , •· p. 222-224'2" • 
The total yield of 4-hydro2Jtestosterone is 529.7 :mg. , or 72 . .f.. 
Recrystallization ot 4-hydroXJteatosterone to constant melting point 
o _.1 24° o o yields a product aeltiDg 225-226 • '""'D +102 :t2 . (12.lmg. in 1.00 
0 
ml.. ot chlorofora), "- 277 mp ( E. 12000) (0.18 mg. in 10.0 lll.. ot 
JI8.X 
aetbanol). This absorption indicates the presence of the enol fora 
ot an C(-diketone16• 
ADal.. Calcd. for c1~8o3 : C, 75.0; B, 9.3. 
Found: c, 74.9; 74.6; H, 9.0, 9.1. 
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XV Attapted acetYlation ot tm)powp G 
A. A.cttic enbydrid! apd pnid1pe 
UDknown G {4.5 mg., m.p. 175-178°) vas dissolTed in pyridine 
{0.5 ml..). Acetic anhydride {0.05 Ill.) vas added. The solution 
stood, at rooa temperature, tor tveat7 hours. It vas than dlluted 
vith etb7l acetate (20 Ill.) arad extracted vith two 5 Ill. portions ot 
water, three 5 Ill. portions ot 1 • hJdrocbloric acid, three 5 111. 
portions ot 0.5 B sodiUIIl bicar'bo:aate and again vith one 5 Ill. portion 
ot water. The et.by'l acetate solution vas bl.ovn to a residue vith 
nitrogen. The residue vas GrTstalliu, 4.5 mg.. Inserted on the 
:aelting point block at 50°, it Mlted 168-177°. A mixed m.p. vith 
the startiDg uterial Mlted 167-174°. {finely crushed startiDg 
0 
material melted 172-175 • It vas concluded that the residue vas 
essential.l1 unchaDged UAknown G. 
B. Acetic eptmiride agl p-toluge§Ulfonic acid. run 11 
The reaction residue of Part A {4.5 mg.) and p-toluenesulfoDic 
acid monohydrate (2.3 mg.) vere dissolTed in acetic anhydride {0.4 Ill.) 
and stood tvent7 oae hours at room temperature. The solution turned 
dark 'brOWD oTernight. Workup Jielcled a dark amber liquid product, 
5.3 mg.. This Mterial could not be GrTstallised. It vas ehrOII&to-
graphed on 0.5 g. of sUica gel, atf'ordiDg the tolloviDg eluates: 
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Elut1n2 Solvgt Jlsidu! 
Vol. vt. 
Solvent (al..) (w.l DeeqriptioD 
besene 3 1.1 dark amber eyrup &: solid 
beuene 15 1.7 colorless liquid 
ienzene-e~l acetate, 8-1 10 3.6 dark saber 8JI'U.P 
acetone 10 1.1 8Jilber syrup ( discarclecl) 
The spread ot u.terial throughout the chomatogrea iDclicatecl a coaplex 
mixture. The residues yielded 110 crystalliDe material. 
c. Acetic anydride and p-toluenesW.fonic acid. run 112 
lJDlm.ow G (3.1 mg., a.p. 175-178°) was suspended in acetic 
&Dydride (0.4 lll.) and p-toluenesul.f'onic acid l1011oh1drate (1.6 mg.) 
was add.ed. The llixture, under nitrogen, was swirled at interYals and 
the solid went into solution within one half hour. The solution stood 
at rooa temperature tor an additioD&l. two hours when it had acquired 
a taint purple color. It vas cooled in an ice-water bath and water 
(1.0 al.) was 'added. The mixture vas •J.rlecl fifteen minutes until 
the excess acetic ~ide vas Jvdrolyzecl leaving a precipitate of 
pale aDlber syrup. This syrup vas taken up and the water phase ex-
tracted with eth7l acetate (10 ml.). The etbJl acetate phase was 
extracted with two 2 111. portione or water, three 4 ml. portions of 
0.5 I sodillll bicarbonate aDd again with two 2 al. portions of water. 
The etbJl acetate phase vas blown 4own under nitrogen to a syrup 
residue still saelling faintly or acetic ~!de. The residue vas 
allowed to stand with water ( 2 al.) containing one small crystal or 
p-toluenesulfonic acid :for oae hour. It was again extracted with etby'l 
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acetate (10 Ill.) and worked up as abo'Ye yieldiDg a colorless syrup, 
4.6 Jli·. Attellpts to C!7Stallize this syrup troa methanol, ethTl 
acetate, beaaene, hexane aDd combinations of these solYents met vith no 
success. The qrwp vas subjected to iDfrared aDd ultraviolet spectro-
metric aD&lyses aad yielded the f'olloviDg data: 
fila ' A. max 2.85 p (tqdro:J:Tl), 5. 78 )1 (ester carbo!V'l), 5.86 p. (carboDyl), 
CHCl 
8.13 )1 (acetate). 1\. max 3 238 DIJ1 ( oe,~ -unaaturated ketone). 
XYI Oxid&tioD of 4-.ltr4£oxyprogesterone vith excess chromium. trioxide 
4-.ll;ydro:qprogesterone (100.0 ag., m.p. 238-239°) vas dissolved 
in glacial acetic acid (15.0 Jll..) (the lov solubility of this substance 
required a large proportion of solYent). The solution stood at rooa 
tealperature for oDe hour, thell a solution of ehroaiu:a trioxide 
(240 mg., 8 equiYalents) 1D 1. 7 al. or water was added in aal.l 1Dcre-
aents OYer tvcty ainutes. The sol11tion stood three-fourths hour 
loager at room temperature. Sociiua sulfite (250 mg. in 15 al. of 
water) vas added OYer fifteen minutes. The solution vas dilutecl vith 
an additional 35 .:L. or vater and extracted with fi"Ye 75 ml.. portions 
of' methyleae chloride. 
llO 
Aqueous phase 
discarded 
I 
.AQlleoua al)Jl iDe phase 
Acidified with 3 I h1Qrochloric acid 
(syrup,y precipitate), saturated with 
solid sodiua chloride and extracted 
with three 150 ml. portions or 
aet.brlene chloride and oae 150 ml. 
portion or eth3'l acetate. 
Aqueous phase 
discarded 
1ll 
Methtlene chloride phase 
This phase was. distilled, at reduced 
pressure, to a TollDle or approxi-
•teq 5 al., then subjected to high 
V8.C111Dl aD4 nirled ov.r a large sur-
race to ridt it or acetic aoicl. The 
colorless s.y.rup7 residue was taken 
up in 25 ml. or ethyl acetate and 
extracted with four 20 ml.portiou 
or 1 M sodiua bicarboute. 
Eth;rl ace ate phase 
DistUled, at reduced 
pressure, to a 7.0 B@• 
residue or syrup and 
cr7stal. 
Ormic ph&se 
Distilled, at reduced 
pressure, to a T&r7 
pale aabflr syrup 
weighing 104.0 mg •• 
The acidic traction (104 mg.} was cr7stallised from ethyl acetate 
aDd 7ielded a 45.0 mg. crop or crude 31(5-seco-4-aorpregnanedioae-
5,2Q-3-carboqlic acid (III), a.p. 172-177°, identified by' coaparisoa 
or iatrared spectra. The 110ther liquor residue or this crop was 
chr0J18.tographe4 on sllica gel vith the benzene-ethyl acetate 
eluti.Dg s7stea. The crystallized residues or the cOJRbiDed beDSene-
et.byl acetate (lo-1) eluates 7felde4 uother 11.5 mg., m.p. 174-179°, 
whose illf'rared apeetrwa vas identical with that or acid III. The 
total 7ield or this acid is 56%. Ho other products could be iDduced 
to crystallize froa the various fractioas or this chromatogram. 
XVII Oxidation or 4-ljydroxyprocesteroDe With plkaline hydrogen 
Peroxide 
4-JVdroX1Pl"ogesterone (75.5 Jll.) vas dissolved in 95% ethanol 
(.30 Ill.). Potassium .b:dro:rlde (520 mg. in 1.0 ml. or water) vas 
added causiDg the solution to assmae a pale Tttllow-green color. The, 
vith stirriDg, hydrogen peroxide (0.15 lll. or ~ aqueous) was added 
and the solution stood at rooa taperatu:re for three fourths or an 
.hour. Arter adclition or the .bydrogo peroxide, microbubbl.es rose 
throup the solution aDd this ettect coDtinued throughout the reaction 
period. Jdditiou.l. 30% h7drogeJ!l peroxide (0.15 Ill.) vas aclded, 
occasionillg a fresh out'barst or aiaro'bubbl.es; aDd the solution stood 
tor an additioaal. three fourths hour. The first addition or h1drogen 
peroxide caused the 7el1ov color or the solution to fade; and, with 
the seOOlld achiition, it became coapletel7 colorless. Water (150 lll..) 
was added. The aqueous solution vas extracted with 200 Jill.. ot ethyl 
acetate... The etql acetate phase was washed twice vith 25 lll. portions 
ot vater and then distilled to a colorless crystalline residue, 1.3.1 mg •• 
SodiUIIl bisulfite (1.0 g.) was dis.olved in the aqueous phase. It was 
ll2 
acidified to approxilaately' pH 1 aDd then extracted with three 150 ml.. 
portions of ethyl acetate. The coabined eth3'l acetate phases were 
washed with two 25 Ill. portions of water ed then distilled, at re-
duced pressure, to a residue of colorless S1l'UP, 76.6 mg •• This 
residue was cr,.stallizecl :trora beuene and yielded 9.6 mg., or 11%, of 
crude 3IJ 4-seco-pregB&DOne-20,3-dicarbo~lic acid (IV), m.p. 268-276°. 
The crude yield was recaabiaed with its mother liquors and chramato-
graphed oa 4t g. of silica gel, taki.Dc 25 Jll.. eluates. The followiDg 
eluate tractiou ,.ielded solids: 
FractiOM 9 to 11 (lMmsene-et.b,rl acetate, 6-1): 15.1 mg. 
cr,.stallized in etql acetate. 
Crop la 1.9 mg., i.Dserted 255°, fogged at 255°, a.p. 267-281° 
with slow eyolution of gas. The in:trared spectrum of this 
(Ot> lift p"-1'1cH\) 
solid is identical to that of 3 U 4-seco-p~20-one-3, 
4-dicarboX7lic acid (IV). 
FractioDS 12 to 13 (bellzene-et!JTl acetate, 4-1): 6.6 Ill·, 
cr,.stal.lized. from ethTl acetate. 
Crop 1: 2.3 :mg., inserted 26o0 , m.p. 275-282° with slov gas 
&Tolution. The in:trared spectrum of this solid is identical 
to that of the diacid IV. 
Fractiops 14 to 16 (buzene-eth3'l acetate, 2-1): 7.4 Ill• 
cr,.stallised troa et!JTl acetate. 
Qrop 1: 3.6 :mg., illserted 26o0 , m.p. 275-282° with slov gas 
evolution. The infrarecl spectra of this solid is identical 
with that of the 4iacid IV. 
11.3 
The total of crud.e IV reco't'ered in the chromatogru. is 7.8 mg. 
( ~) • V arioua syrups obtained troa this chr011atogr8Jil had infrared 
spectra closel.7 resealll.i.Dg that or .3/14-seco-al.lopregnan-20-oae-
.3 ,4-dicarboJrl'lic acid (I) but this substaace .bas DOt been isolated. 
XVIII Oxiclatiop or a]] OFegpap-2 ,].,.20-trioae with al Jrel iDe b,ydrogen 
Peroxide 
As an interestiDg comparison with the oxidation of 4-.bydrox;y-
progesterone by hJdroperoxide anion, the same oxidation was effectecl 
on a supl.e of allopregDalletrione-2,.3,20 (XI) kindly supplied by 
G. D. Searle and Co., Chicago, illinois. 
AllopregD&De-2, .3, 20-trione ( 81.6 mg. , m. p. .228-2.31 °) vas partially 
dissolved iD methaDol (.30 lil..) aD4 potassi1Dl h1QrJOOxide (87 mg. in 
.3 lll. of water) was aclded. The solution did not become colored as 
iD the case of 4-hydro%3J)rogesterorae. Hydrogen peroxide (0.15 ml..or 
.30% aqueous) was aclded and the llb:ture allowed to stand, vi th occasional 
swirling, for one fourth hour. Then 0.15 ml.. additioDal. .30% hydrogen 
peroxide vas added, followed by Olle .bal.£ hour or sta.DcUng, and a final 
0.15 Ill. of hydrogen peroxide ad4ed. The total reaction time vas one 
and one fCU'th hours, and the substrate ha4 completel.T dissolTed in the 
course of this period. The solution was worked up as in the s1lllilar 
oxidations or 4-hydro~ogesterone, The acidic fraction gave a 70% 
yield of the 2 Jl .3-seco-allopregnan-20-one-2 ,.3-dic&rboJrl'lic acid (XII) 
as needles which ae1 ted. partial.ly at 202-205°, then stopped and mel ted 
completely at 215-218°. One recrystallization from ethyl acetate 
altered the melting point to 208-209°, and a second recrystallizatioll 
0 gave needles of m.p. 207-208 • Dr. Clarence Bergstrom of the G. D. 
Searle and. Co. has reported, by' private communication, that he too 
encountered this characteristic and a S8Dlple of the diacid, kindly' 
supplied. by' hill, has a continuous i.Df'rared. spectrllll identical with 
the product described above. 
With collsideration to the aechanism proposed for this reaction 
by' Bunton 6, and to the relative yields of diacid products here described, 
it appears that 4-hydro:QProgesterone is largely in the enol form when 
in alkaline solution; and that, under the same co!Sditions, al.lopregnan-
2,3,20-trione is largely in the Cl(-diketone form. The low yield of 
diacid IV 118.1 also have been due to the concm-rent production of the 
isomeric diacid 3ll4-seco-allopregnan-one-20-3,4-dicarbo~lic acid 
(XIII) as vas suggested by siJail.arities ill i.Df'rared spectra; but it 
is UDl.ikel.y that production of this substance can completely account 
for this large difference in yields for, if diacid XIII had been 
produced in yields on the order of 50-60%, it is Ulll.ikely that it would 
have avoided isolation. 
,, \\ 
XII Prepgration of 3ft 4-seco-allqpregpaDOne-2Q-3.4-dicarbo;ylic acid 
bx the aeth9d 2f Kirker. et al 8 
Due to the paucity of pertinent data in this article it vas de-
sirable to repeat these syntheses in order to obtain assurance that the 
3 n 4-seco-allopregnan-20-one-3,4-dicarbo~lic acid was indeed obtained 
in appreciable yield; and that the low solubUity and therefore easUy 
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isolated C-5 stereoisomer vas not iD evidence duri.Dg this preparation, 
for these facts are of importance iD the rationale whereby configur-
ations are assigned to these two substances. A small sample of a 
~ ~ pregna.ne-4(?), 20oc -diol-.3-one-dia.cetate (XIV) vas kindl.y' supplied 
by Parke, Davis and Co.. This sample vas utilized as a startiDg 
ll&.terial; and, therefore, the follovi.Dg reactions were carried out on 
the semimicro scale. 
~ ~ 
A. Bldrogepation of pregp•n-4(?).200C -dio!-3-one-diacetate 
The sample of starting •terial just described had a mel ti.Dg 
poilat of 250-25.3°. Marker, et al, 8 reported the melting point ot 
; ~ 
their 4,20( ac )-diacetoJcypregDuoae-3 ot unknOWD ooDf'icuration at 
C-4 as 250°. 
Platinum dioxide (12.5 mg.) suspended in 95~ ethanol (.3.0 ml..) 
vas inserted on the .bydrogeaation apparatus and stirred while the 
system vas evacuated and fiushed vi th hydrogen several times. 
iTegnan-4(?), 201C -diol-.3-one-tiaoetate" (12.8 mg. in 5.0 ml.. ot 
95~ ethanol) vas added and washed over with 5.0 ml. more ethanol. 
The mixture vas stirred at roOil temperature and under slightl.)r liOre 
than one atmosphere of .hycU'ogen; and 1.4 ml. hydrogen at 742 mm. 
mercury and 2.3! 0 vas taken up over two and one hal!' hours. One 
equivalent would have equaled 0.81 ml •• The mixture vas :filtered 
and the :filter washed with methanol and ethanol. The oOJilbined 
til trate and vashillgs were distilled at reduced pressure to a res-
idue of crystal and syrup, 12.7 mg •• This total residue vas subjected 
to .bydroqsis in the :folloviDg step. 
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B. lfrdrobsis of pregnane-3(?) .4(?) ,20S -triol-4,20 -diacet&te (XV) 
The total residue froa Part A vas dissolTed ill methanol (2 ml..) • 
Potassium hydroxide t81 mg. , 85%) vas added in water ( 0. 5 m1..) and 
washed oYer with metlumol (1.0 Ill.). The solution stood one hour at 
room teJiperat'Ure. .After the first fifteen llillutes of standiDg, some 
solid precipitated and 1.0 ml. aore metheol vas added to redissolve 
it. The solution was diluted with 20 .:I.. of 0.5 Jf sodiua bicarbonate 
(precipitate of solid) a:ad. extracted with four 30 ml.. portions of 
methylene chloride. The combined extracts were TaculDl-distilled to a 
residue of syrup (11.9 ~.) that partially crystallized. Efforts at 
crystallization of this residue yielded low-melting precipitates; 
therefore, the total crude yield vas recombined anc1 resubj ected to 
hydrolytic conditions as before but for four emd one halt hours. The 
same workup yielded 11.7 mg. of crude crystalline solid residue that 
melted 145-180°. Marker, et al, 8 reported their 11pregun-3 (?) ,4(?), 
~ ' 
200<: -triol as haTiDg a aeltiDg point of 184°. This total crude 
residue vas subjected to the fo11ovi.Dg process. 
q ~ 
C. Oxid&tioD of weCPaDetrio1-3(7) ,4(7) .2QOC vith leas1 
tetrucetate fo1101f!d b7 h.ydrogen peroxide 
... ~ 
The 11.'7 IIi• of crude prepautriol-3(?) ,4(?) ,2()c( was dissolved, 
with lead tetraacetate (30 mg.), in glacial acetic acid (4.0 al.). 
The solutio:a stood tvelTe hours at room temperature, was then diluted 
with water (25 Ill.) and extracted with four 35 Dll. portions of 
methylene chloride. The combined met.b3'le:ae chloride extracts were 
distilled at reduced pressure abaost to dryness. The residue was 
dissolTed in glacial acetic acid (5 ml..): hydrogen peroxide (3 Jll. o:r 
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0 
30J aqueous) vas added; and the solution vas waraeci at 75-84 for 
three hours. The solutiol!l vas cooled to room temperature, diluted 
with water (25 Jll.) aDd extracted with four 25 Jll. portions of 
chloroform. The combined chlorofora extracts were washed with 100 
ml.. of water, v.IU.ch vas discarded, and then with three 50 ml.. portions 
of 0.5 R sodilDl bicarbonate. The chlorofol'll phase vas distilled at 
reduced pressure to a residue of neutral syrup weighing 5.4 mg •• 
The coabined aqueous 'bicarbonate extracts were acidified vi th 
hydrochloric acid and extracted vi th three 125 Jll. portiolls of chlor-
oform. The chlorofora vas clistllled. off, at reduced pressure, leaving 
a resiclue of acidic sJrUP, 8.5 Ill•. This residue was C%7stallized 
0 from ethy'l acetate and yielded a 3.2 ltl• crop of a.p. 205-231 • Re-
cr,-stallisation yielded 1.5 lfl•, a.p. 230-233°. Marker, et al, 8 
reported this substance (diacid Xfm~; as MltiDg at 231°. The entire 
acid fraction vas rec011b1Ded aDd used as a startillg •terial in the 
folloviDg chromic oxic1e oxidation. 
II 
D. Oxidation of 3 U 4-seco-•l 1gpregp•n-20CC -ol-3 .4-dioarb9xy1iq 
" agid (XVII) ·With chrqmiq qxide 
The entire acidic &action from Part C vas di1solved in glacial 
acetic acid (2.0 Jll.). Chromi1111 trioxide (6.0 mg.) vas added with 
1 Jll. water and 1 ml. of glacial acetic acid. The solution stood one 
hour at ro011 taperature. Metha.DDl (0.5 lll.) vas added and, when 
after standing fifteen ail!lutes the solution still had the brcnm color 
of chromiua trioxide, sodia bisulfite (2 ~~g.) vas added, which caused 
the red-brcnm solution to iwecU atel3' turn green. The solutiol!l was 
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diluted with water (25 ml.) aDd extracted with four 30 ml. portions 
of chloroform. The combined chloroform extracts were washed with 
three 50 ml. portions of water &lld then vaCUlDil distilled to a residue 
of syrup. Efforts at crystallisation of this residue produced poor 
results; so the total crude residue was chroaa.tographed oil 0.6 g. 
of silica gel with 'the beuene-eth7l acetate eluting s7sta. The 
beuene-etb1'1 acetate (5-l) aDd (3-1) eluates 7ielded a total of 
2.9 111g. which was crystallized froa heD.Be-etb1'1 acetate ancl afforded 
2.0 Ill• ot c17stal MltiDg 209-216°. RecrTatallisation froa etb71 
, 
acetate-hexane 7ielded 1.0 Jig. ot 3ll4-seco-alloprepan-2Q-one-3,4 
\\ 0 8 dicarbo2;Ylic acid (VIII) ot a.p. 215-218 • Marker, et al, 
. 0 
reported a aeltillg point ot 216 tor this substance. Crystallisation 
a:lrtempts on the other eluates of this chromatogram produced none ot 
the stereoisOJReric 314-aeco-p-egnan-20-one-3,4-dicarboxylic acid 
(IV). Had it been present in all' UIOUllt comparable to or even some-
what less than that ot the subst&Dce found, it should have been 
ea&ilT isolated oviDg to its extreaely low solubility in the solvents 
used 8lld the tact that it has shovn no te!ldeDCT to supersaturate. 
The continUQua iDtrared spectrua ot diacid nii was found identical 
with that of a diacid, m.p. 218i-219f0 isolated froa the chroaic 
oxide oxi4ation ot prepuediol-3oc ,20oc (Part IX). 
IX Oxidatiop ot wegya-3 ac .2Q~ -clio1 with mess cbroaiC oxicle 
This reaction was ettected bT the mothocl ot .A. Bute1Wldt31 with 
the difference that it was nm at room temperature rather than 75-80°. 
119 
PregDaD-JljlOIJdd.ol (:XL.t:) (6.5 g.) (Parke, Davis &: Co. 
lot 1126863, a.p. 238-245°) vas dissolved in glacial acetic acid 
(135 Ill.) • Vi th the reaction vessel in a room temperature water 
bath, chroai:a trioxide (20.2 g., 10 equivalents) in 15 Ill.. of 
water was added in amall iner•ents with good stirriDg over 
twenty llb.utes. The solutiora vas stirred three f'ourths hour 
loDger and then swirled in an ice water bath while a solutiora 
of sodil.DI bisul.fi te (17. 6 g. in 100 ml.. of' water) was added over 
tif'teen minutes. AD additional 100 ml. of water vas added. The 
aqueous solution, containing some suspended solid, vas extracted 
vi th three 500 ml. portions of aet.by'lene chloride and the combined 
aeth;ylene chloride extracts were washed with two 100 ml. portions 
ot water. The water washes vera cOlll.bined vi th the aqueous-
acetic solution. 
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Agueous phase Metb.ylene cbloride-1 phase 
Extracted with three 500 lll.. 
portions of aethy'lene chloride. 
The coabined methy'lene chloride 
phases were extracted with two 
100 Jll.. portions of water. 
This phase was distilled, at 
reduced pressure, to approximately 
25 ml •• The residue was freeze-
dried at high vacuum leaving a 
residue of blue-green cr,rstal and 
syrup. This was crystallized 
troa 75 ml. or methanol to yield 
the folloviDg crop of 3 • 4-seco-
preg.aan-2Q-one-3,4-dicarbo~lic 
acid (IV): 0 Crop 1: 1. o5g g. , inserted 270 ' 
a.p. 279-284 • 
MJ!ous plw!e 
discarded. 
This crop was recr,ystallized from 
methanol to yield the following 
three crops: 
Crop 1 1 : 684 mg. , inserted 265°, 
a.p. 282-285°. 
Crop 21 : 183 :atg. , inserted 265°, 
a.p. 282-284°. 
Crop 31 : 97 mg., inserted 265°, 
m.p. 282-284°. 
Methylene ch'l.orisle-2 phase 
The solvent was distilled off at 
reduced pressure and the residue 
dried at high vacua and 50° C •• 
The residue was 285 mg. of blue 
syrup. Crystallised from 20 ml.. 
or methy'lene chloride, this 
yielded all additional 51 mg. or 
crude diacid IV, m.p. 271-280°. 
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The aother liquor residues .troa aethylene chloride-1, crops 1 
and 3', and from methy1eae chloride-2, crop 1, were combiDed iD 
llO .:J.. of aet.byl8De chloride and extracted with three 50 ml. 
portions of· 1 M sodillll bicarbonate. The combbled sodium carbonate 
extracts were washed with two 25 ml.. portions of methylene chloride 
which were com.biDed with the other organic phase. 
I 
Agueous-•lkeliDe 
This phase vas acidified 
with 3 I hydrochloric acid, 
I 
10 g. ot solid sodi'lDI chloride 
vas added, and extraction 
effected with three 500 :al. 
portions of methylene chloride. 
I 
Jaue!US-2 
This phase still oontaiaed 
much suspaded solid which 
vas fU tered out. 
M!thrlepe ch1oride--3 
This phase, contain1ng neutral, 
or organic soluble, substances, 
was distilled to a residue of 
pale gree:a syrup and crystal 
weighing 1. 89 g •• 
MethYleae knoride-4 
Distilled at reduced pressure, 
this phase left a residue of 
blue syrup and crystal weighing 
2.454 g •• 
The solid vas 848 :mg. of 
crude IV, ~erted 260°, 
a.p. 267-278 • 
The residue from phase Hetqle:ae chloride-4 was crystallized 
from methanol 7ieldiDg an adclitioDal 97 mg. of crude diacid IV. The 
combined .aother liquor residues (approxillatel.y 2.31 g.} from these 
C17Stalliaatiou vas cbroaatographed on 120 g. of silica gel with 
the beuene-ethyl acetate elutillg qat•, tak!Dg 500 ml. eluate 
fractions. The follovtag fraction caabiBations afforded crystalline 
substances: 
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Fraction 2 (beazene-etJITl acetate, 15-1): 264.6 mg. crystallized 
iD ethTl acetate. 
0 0 Crop 1: 154.9 mg., iDserted 110 , a.p. 135-159 • 
Crop 2: (ceystallised ft'Oil ethTl acetate-he:ane) 19.8 :mg., 
0 60 inserted. 135 , •·P· 150-1 2 • 
Crop 3: (Cl"7stallised froll ethyl acetate-neohexane) 24 • .3 mg., 
80 600 ilaserted 11 , •· p. 140-1 • 
Crops 1, 2, and .3 were eOilbined and recr)"stallized from 
beuene yieldi.Dg 1.44 • .3 mg. of fine "needles• aDd "blades", 
0 0 iuerted 135 , m.p. 165-167 • A secoDd recry'stallisation t"rOlll 
0 ~ ~fU. benzene gave 126.3 mg., inserted 155 , m.p. 166-16,-, max 
2.94Jl (acid h1droql), 5.75 Jl (carbol\11), 5.86 )1 (carbon.yl), 
oij~sP + 110° '!:2° (8.60 mg. in 1.00 ml.. of acetone). 
Jnal. Calcd. for c19H28o4: C, 71.4; H, 8.8 
FoUDd: C, 71.6; H, 8.8 
This unlmown substance has not bee further characterized. 
Fra.ction 3 ('beuene-ethyl acetate, 15-1): 146.2 ag., crystallized 
in beDzee-heDDe. 
Crop 1: 9.3 .1 :.g. , iJaaerted 125°, •· p. 156-165°. '!'his lmknown 
lllq be the sae suhat8Doe isolated from FractioD 2. It has 
D.Ot been further purifiecl or characterized. 
Fl"actiou 4 to 6 (benzene-eth,yl acetate, 15-1): 313.8 mg., 
crystal11zed in the ]JiD.iiiWI 8JIOUDt of hot e~l acetate. 
Crop 1: 136.5 mg., inserted 155°, m.p. 176-180°. 
Crop 2: (017stallized from ethyl, acetate) 45.6 mg., inserted 
125°, m.p. 174-179°. 
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Crop 3: (cr,.atal.lised troa e~l acetate-neohexane) 22.1 
:mg. , iuarted 150°, •· p. 165-176 °. 
Crops 1 ed 2 vare cOllbiD.ed aD4 recry-stallised from ethyl acetate 
7ieldiDg 140.4 mg., m.p. 179!--180°. This meltiDg point vas uch&Dced 
by' two further recrystallizations. The coD.tinuous !D.frared sp&ctrua 
is ideD.tical vith that or .3 H s-aeoo-4...norpregD&D-5,2o-d.io•e-.3-
carboqlic aci4 (III). -(1~.3° +116° t2° (10.00 :mg. iD. 1.00 ml.. 
or chloroform). The 7ield of crude acide III vas 204 mg. (.3.0%). 
This acid vas not reported by' !ute1Wldt.3°,.31,.32• 
Fr&etiops 9 to 12 (beDzene-ethTl acetate, 15-1) : 1.39 mg. , 
Ct7stallized iD. ethy'l acetate. 
Crop 1: 2.3.2 mg., iuarted 185°, togged at 210°, a.p. 25G-275°. 
Crop 2: ( cr.ystallized troa e~l acetate, seeded vi th 
h + 
.3U4-seco-allopregaan-2G-oD.e-.3,4-d.icarboxylic acid) 2.5 mg., 
0 0 0 iaserted 2.35 , fogged 2.35 , a.p. 245-270 • 
Crop 3: .(.cr.ystallized troa ethyl acetate) 25.8 mg., inserted 
0 0 180 , a.p. 21o-212 • 
Frytiou 13 to 17 (beueDe-eth71 acetate, 15-1) : 1.39 mg. , 
cry-stallised ill ethT1 acetate. 
Crop 1: 2.3.6 mg., iD.serted 2.35°, fogged 2.35°, m.p. 26o-280°. 
Crop 2: (from ethyl acetate) 57.7 :mg., :lnserted 180°, m.p. 
21.3-128°. 
0 Qrop 3: (f'roa ethy'1 acetate) 0.9 mg., iuerted 200 , m.p. 
2.3Q-272°. 
Qrop 4: (f'roa et.by-1 acetate-neohexane) 4. 7 mg., inserted 185°, 
0 
m.p. 208-212 • 
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Crop 4: (f'roa ethyl acetate) 19.7 mg., inserted 200°, 
m.p. 212-217t0 • 
Crop 5: (trom. beuene) 5.6 ag., iuarted 195°, m.p. 2.30-250°. 
Fractiou 31 to JJ) (beueae-ethyl acetate, 8-1): 122 mg., 
cr,ystallised in acetone. 
0 0 0 Crop 1: 13.2 mg., insertecl 2.35 , fogged 2.35 , m.p. 245-251 • 
Crop 2: (frOil eth;yl acetate) 6.2 mg., inserted 2.38°, m.p. 
245-248°. 
0 Qrop 3: (trom acetone) 19.5 ~~g., inserted 190 , fogged at 
0 gO 207 ' •• p. 21.3-21 • 
Crop 4: (trom ethyl acetate) 4.6 mg., inserted 185°, fogged 
at 205°, m.p. 211-216°. 
Crop 5: (trom ethyl acetate) 2.5 mg., inserted 2.30°, m.p. 
2.38-245°. 
FractioDs JJ. to 42 (benzee-etlq'l acetate, 4-1): 44 mg., 
crystallized in ethld acetate. 
Crop 1: .3. 7 mg. , inserted 198°, m. p. 21.3-218°. 
Fractions 13 to 17, crop 2; 18-20, crop .3 ; 21-2.3, crop 2; 
24-.30, crop 2 (198 mg.) were combined and crystallized from the 
minimum amount of boiling acetone.. 
Crop 1: 127. 5 mg. , inserted 205°, a. p. 218!-219! 0 • 
Crop 2: (troa ethyl acetate) 24.6 mg., inserted 205°, m.p. 
217!-218!0 • 
Crop 3: (from acetone) 22.4 mg., inserted 195°, m.p. 217l-21St0 • 
Crop 1 vas recrystallized trom t Jll.. of' acetone yielding 86.1 mg., 
m.p. 218i-219§.0, ~4° +121° !2° (9.24 mg. in 1.00 ml. of acetone). 
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,, 
The infrared spectrum was identical with that or 311 4-seco-
,, 
allopregnan-20-one-3,4-dicarbo::qlic acid (nii) produced in 
Part XIX. A further recrystallization did not change the melt-
ing point. 
Anal. Calcd. for c218)2o5: C, 69.2; H, 8.8 
Found: C, 68.9: H, 8.9 
Fractions 9-12, crop 3; 18-20, crop 4; 31-40, crops 3 and 4; 
.U-42, crop 1, and the mother liquor residue of the first 
recrystal.lization iD the precediDg combination vere combined 
and cr.ystallized from acetone. 
Crop 1: 23.2 mg., inserted 206°, m.p. 219i-219t0 • 
Crop 2: (from. ethJrl acetate-acetone) 47.2 mg., inserted 200°, 
m.p. 217-218f0 • 
" These crops are additional 3 84-seco-allopregnan-20-oae-3,4-
• dicarboxylic acid (XIII). The tetal crude diacid XIII melting 
in the ranges 210-218° amounted to 262 mg. (3. 6%) • This substance 
vas not reported by Butenandt30,31,32• 
Fractions 21-23, crops 4 and 5; 24-30, crop 1; 31-40,crops 1, 2 
and 5 (78.0 mg.) vere cOilbiDed and crystallized from acetone. 
Crop 1: 27.0 mg. , loag needles and rods, inserted 2480, 
0 fogged stroDgly, a.p. 254-255 • 
Crop 2: (from. acetone) 6.5 Jig., inserted 248°, fogged and 
0 
sublimed, a.p. 250-254 • 
Crop 1 vas recrystallized from acetone yieldiDg 5. 2 mg. , •· p. 
254-255°. The mother liquor resiclue from this crop vas crystallised 
0 24° 0 from aceton affordiDg 14.2 :ag., a.p. 254-255 , w)D + 110 
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(8.61 mg. iD 1.00 ml.. of acetone), "'-~ 3.20 J1 (acid 
hydroxyl), 5.78 J1 (carbonyl), 5.87 p (carbonyl). 
Anal. foUDd: C, 68.0; H, 8.6; aicroneutralization equiv., 
146. This acid has not been further characterized. 
Cor •fi•Pt'fiPJ&h) 
The total yield of crude 3l4-aeco-pre~20-one-3,4-dicarbox;ylic 
acid (tV) obtained iD all phases of isolation iD this reaction is 27. 5%. 
,, 
III Met4tl esterificatiop of 3 0 4-seco-pregAUlone-20-3, 4-
~ dicarbox.ylic acid 
A large excess of an ether solution of diazoaethane (produced from 
0.39 g. of 1-Bitroso-1-set.bylurea) vas added in iD.crements to 100.0 mg. 
q ~ 
of 3 \l 4-seco-pregnan-20-one-3 ,4-dicarbox;ylic acid (IV) suspended in 
ethyl ether (70 ml.) • The diazoaethane-ether vas washed over vi th an 
additional 20 ml. of ether. The mixture stood for one hour at room 
temperature. Bo appreciable further solution of diacid vas observed; 
and so 50 ml.. of methylene chloride vas added ef'fectiDg almost complete 
solution. The reaailliDg IV vent iD.to solution over a period of one and 
one half hours, and the solution stood two hours loDger. Acetic acid 
vas added to destro7 excess diazOJRethane. The solution vas distilled 
at reduced pressure and the residue dried at 50° C. under high vacuum. 
The dried residue was taken up in etbTl acetate and fractionated into 
acid and neutral components by sodiua bicarbonate extraction. 
acidic residue: 2.7 mg. of syrup and. crystal 
neutral residue: 110.8 mg. of' a syrup that slowly crystallized. 
The neutral residue cr1stallized. poorly from several solvents and so 
it vas chromatographed. on silica gel. Benzene-ethyl acetate 
(2Q-l) eluted 80.8 ~~g. vhieh on crystallisation from n-hexane 
yielded 63.7 11g. of diaethyl IV, a.p. ll6-117°, ~~ 5.78 J1 
(carbo~!), 5.85 )1 (carbo~l), no hydro::cy-1 band vas obsen-ed in 
the spectrum, ot]~60 +ll3° '!.11° (7.lmg. in 2.00 lll.. of dioxane). 
0 31 A second crop vas obtained, 8.6 mg., a.p. 112-113 • Butenandt 
0 
reported a JHitiDg point of 113 for this substance. 
Jna1 Calcd. for c23~6o5 : C, 70.4; H, 9.2 
FoUDd: C, 70.2, 70.2, 70.3; H, 9.3, 9.4, 9.3 
, 
mi Btdrol..ysis of 311 4-seco-FHPQ-20-ope-3 ·4-dic&rbovlic ·acid-
• diJMth,yl ester 
IV dimethyl ester (30.4 mg.) vas dissolved in 95% ethanol (1.5 ml.), 
warmed on a hot plate, and potassium h1droxide (270 mg. in 1.0 ml. of 
water) added. The potassium. hl'droxide solution vas washed over vith 
an additional 1.0 ml. of vater. The solution was retlwted for tvo 
hours, then an additioDal 1.0: lll.. of water vas added and reflux con-
tinued for three adclitional hours. The solution vas then diluted with. 
water (20 :.1.) and extracted with three 25 :.:1.. portions of aetbyleDe 
chloride. The coabined methylene chloride extracts were distilled to 
dryJless at reduced pressure leaviq a residue of 0.8 mg. • The aqueous 
phase was acidified to approxilaatel.y pB 1, saturated vi th solid socliUIIl 
chloride Uld extracted vith four SO Ill. portions of methylene chloride. 
'l'.be coliDiDed methylene chloride yielded 30.8 mg. of syrupy and crystall-
. I 
ine acidic residue.n This residue vas crystallized from acetone and 
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from et.b1'1 acetate, atfordillg the follovi.Dg three crops totalling 
¥ ~ 
4.5 mg. of arude 3fl4-seco-prepan-20-one-3,4-dicarbo:qlic acid (IV). 
This constitutes a 1~ yield. 
Qrop 1: 0.7 mg., inserted 250°, m.p. 265-280° (dec.). 
Qrop 2; 2.3 mg., inserted 252°, m.p. 265-280° (dec.). 
The remaiDiDg mother liquors were chrOII&tographed on 2 g. of 
sllica gel. Benzene-ethyl acetate (2o-l) and (15-1) eluted 11.7 mg., 
This residue vas crystallized froa ethyl acetate-n-hexane and yielded 
2.1 mg. of crystal which on recrystallization from hexane gave 1.0 mg. 
of needles, a.p. 132-1.35°, A~ 3.10 p (acid hydro:ql), 5.78 J1 
(possible ester carboDyl), 5.86 p (carboD;Vl). This substance is 
probabl7 the halt ester stlll esterified at the hindered C-5 acid 
group. Ethyl acetate eluted trom this colmm 4.2 :ag. which on 
crystallization from ethyl acetate yielded another 1.1 mg. of' crude 
. 0 diacicl IV, m. p. 27Q-277 • The yield of com.pletel.7 bj'drolyzed product 
the. totals 20% iD this reaction. 
Mother liquors Sl'ld eluate resictu.ee totalliDg 16 mg. from the 
(2o-l) aDd (15-1) regions of the chroutograph collDID were dissolved 
in water ( 5 :al.), with 85% potasei• h1drorlde (360 mg.), and 95% 
ethanol (0.5 ml..). The solution vas refiuxed twenty four hours. The 
reaction product vas separated into acicl aDd neutral components as 
before and gave 1.0 mg. of neutral crystal 8l'ld syrup and a crystalline 
acidic fraction, 16.2 mg.. The acidic fraction vas crystallized from 
methanol aDd tram ethyl acetate yieldiDg the folloviDg crops of' crude 
diaeid IV totalliDg 11.9 mg. , or an additioDal 42!/o of completely 
hydrolyzed startiDg material: 
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Q!:o:; J:: 4.5 mg., 0 820 inserted 90 ' •• p. 27o-2 • 
Qr01) 2: 5.3 mg., 0 inserted 200 , m.p. 0 260-273 • 
Q!:o:e J: 0.8 mg.' 0 inserted 255 , m.p. 0 267-275 • 
Cro'D /i;: 1.3 mg.' 0 inserted 250 , m. p. 260-275°. 
,, 
XXIII HY4ro1xais or 3114-seco-•''opr'fP•»-29-ope-3.4-dicarboxrlic 
• acid cUaeful ester 
,, 
The dfae~l ester ot 3IJ4-seco-allopregnaa-2o-one-3,4-
• dic&rbo:Q'lic acid (XIII) vas prepared with diazoaethane and purified. 
by chromatograpq aDd crystallisatioB ill the same DI8D!ler as that of 
diacid IV (Part XXI) , XIII is more soluble iD cether thaD is IV, 
aDd the reaction vas more readUy effected, peldiDg, trom 59.3 mg. 
of XIII, 51.8 mg. of the correspoii41Dg diester, aeltiDg ranges 87-90°. 
The :aelti.Dg point, attar recrystallization to collstancy, is 89-90° 
(Lit. 8 m.p. 87°), t!Jf0 +ll2° t6° (6.87 mg. ill 1.00 :ml. of 
film 
chloroform), ~llllX 5.80 J1 (carlaoJITl), 5.88 J1 (carbonyl), no 
~oX7l absorption vas observed. 
Al1al Calcd. for c23H36o5: C, 70.4; H, 9.2 
Fouad: C, 70.9; H, 9.4 
Diaethyl XIII (25.0 :mg.) vas disso1Ye4 ill 95% ethanol (1.5 Ill.). 
The solution vas varmed on a hot plate vhile potassillDl .b.ydroxide 
(272 mg. of 85% ill 1.0 Ill. of vater) vu added. The potassilDil 
IJ1drox1de solution vas vashed OYer with all additional 0.5 ml. of water. 
The solution vas renuxecl tvo hours. Vater (1. 0 m1..) vas added and 
retlux conttaued for three hours loDger. The solution vas cooled to 
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room tnperature, 20 a1.. of water vas added and the aqueous alcoholic 
phase was extracted vi th three 20 a1.. portions of aethylene chloride. 
The reaction product was fractioDated iDto acidic and neutral com-
ponents b7 extraction of the organic phase with 0.5 I sodium bicar-
boDate. The neutral product left after TaCUUII distUlatio:a. of the 
aethy"leae chloride phase was 1.1 Jll• of syrup and solid. The acidic 
component, obtained b7 acidification of the bicarbonate solution and 
extraction with methylene chloride vas 24.1 mg. of syrup. This syrup 
was C%'7stallized in ethyl acetate. The following crops were obtained: 
6 0 0 Crop 1: 15. mg., inserted 205 , a.p. 216-219 • 
Crop 2: (frOll et.b71 acetate) 2.6 mg., inserted 210°, 
a.p. 227-232°. 
0 0 Crop 3: 2.2 Ill·, inserted 200 , m.p. 210-215 • A mixed melt-
1Dg poiDt deteraination with Crop 1, inserted 19()0 , melted 
208-217°. 
Crop 4: 1.9 mg., inserted 180°, a.p. 197-218°. 
N 
Crops 1, 3 and 4 (19. 7 mg.) are erode 3 JJ 4-seco-allopregnan-20-
• 
one-3,4-dicarboxy1ic acid ad constitute approximatelT 88% 7ield. 
Crop 2 was twice recr1stallized troa ethyl acetate yielding 1.0 mg., 
m.p. 247-2/J!0 , "-~ 2.84 J1 (hydro~1), 5. 79 )1 (possible ester 
carbonyl), 5.88 p (carbonyl). This substance mq be the half ester 
st111 possessing the esterified C-5 acid group. 
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XXIV freparatiop of 311 4-seco-pr'fP•n-2Q-one-3.4-dicarboXflic acid 
,, 
wdride (In) 
~ ~ 
3114-seco-pregnan-20-one-3,4-dicarbo:qlic acid (IV) (100.0 mg.) 
was suspended in redistilled acetic &Dh1dride (25 ll1..} and refluxed 
for one hour. The IV diacid dissolved after several minutes of renux. 
The solTent was distilled off at reduced pressure and the residue put 
under high T&OUUJI and warmed at S0° C.. The crystalline residue was 
crystallized to afford the followiDg crops: 
Crop 1: (froa benzene} 37.7 Ill•, inserted 229°, fogged, 
0 
m.p. 237-239 • 
Crop 2: (from benzene-hexane) 25.9 mg., inserted 225°, fogged, 
0 
m.p. 2.36-239 • 
Qrop 3: (from benzene-hexane) 18.6 mg., inserted 225°, fogged, 
0 
m.p. 233-2.38 • 
Crop 4: (tr011 beuene-heDBe) 5. 7 mg., inserted 225°, part 
aelted 228-2.32° al!ld part aelted 2.35-285°. 
Crop 5: (frOlR heDile-bemeae) 7.8 Ill•, inserted 205°, 
a.p. 217-227°. 
0 0 Crop 6: (froa n-hu.aDe) 4.0 mg., inserted 210 , a.p. 220-2.31 • 
The yield of crude anbydride is alaost quantitative. Crops 1, 
2 and 3 were coabined aDd twice rec!7stallised troa 'beuene-n-hexane 
0 23° 0 0 
affording XIX of a.p. 237-239 , ~JD +10 '! 4 (10.47 mg. in 
1.00; Jll.. of chloroform), ~~ 5.58 p (aJ1h3dride), 5.7.3 p. 
anhydride), 5.89 11 (oarboJt1'1). 
Jnal. Calcd. for c21H30o4: C, 72.8; H, 8.7 
Found: C, 73.0; H, 8.6 
1.3.3 
,, I 
XXV liydro1vis of the 3l4-seoo-FMP'•-20=one-3.4-dicarboxylic 
" acid anhydride XIX 
Anhydride XII (11.3 mg.) vas suspended in methanol (1.0 ml.). 
lo appreciable solution occurred. A solution of potassium hydroxide 
(80 mg. of 85% in 1.0 Ill.. of water) vas added and the mixture stirred 
0 
on a hot plate at 90 C. for several minutes untU coaplete solution 
of the anhydride had taken place. The solution stood at room temper-
ature for ten hours. It vas then dUuted vith vater ( 20 ml..) and 
extracted vi th three 25 lll. portiou of aeth,ylene chloride. The 
organic extract yielded l.l~~g. of neutral residue that vas not 
further exaained. The aqueous solution vas acidified with .b_ydrochloric 
acicl, saturated with solid sodi1DI chloride aDd extracted with six 25 Ill.. 
portions of met.b_ylene chloride. T.lae coabirled aet.b_ylene chloride 
extracts were distilled to dryaess at reduced pressure yieldi.Dg a 
crystalline residue, 10.4 mg.. Th;(:residu.e vas cr7stallized afford-
ing the follovi.Dg crops: 
Crop 1: 5.5 :mg., iDserted 270°, a.p. 280-285°. 
Crop 2: 0.6 mg., irlserted 265°, a.p. 279-285°. 
Crop 3: 2.2 mg., inserted 255°, a.p. 262-272°. 
The total 7ield of crude*3U4-seco-pregnan-20-one-.3,4-dicsrbo~lic 
~ 
acid (IV) vas 8 • .3 mg. (70%). Ro other product has been isolated • 
• acid ••hydride (XX) 
. . ~ ) 
.3lf4-seco-allopregnan-2o-one-3,4-d1carboX7lic acid (.3.3.8 mg. vas 
1.34 
suspeDded in redistU1ed acetic aa.bydricle (10 Ill.) aDd ref1uxed 
for one hour. The so1utiou. vas distUlecl at reduced pressure to 
a vo1uae or approld.Jiatel7 1 Ill. ; then put under high vacuum UDtU 
dr7. The residue was cry-stallized troa beueDe-a-heXB.De and 
arrorteci the following crops: 
Crop 1: 20.4 mg., clusters or needles, iuerted 167°, a.p. 
0 
178-180 • 
Crop 2: 5.1 mg., a.p. 1771-180°. 
Crop J: 5.4 mg., m.p. 176-179°. 
The total 7ield is 99% of the theoretical. The three crops 
were recombined and recr7stallized once from benzene and again from 
beuene-hexane 7ielding 19.4 mg., a.p. 178-180°, oij~60 +68° !.4° 
(ll.l mg. in 1.00 ml.. or chlorofora), A~ 5.58 p, 5.57 f1 
(aab1dricle), 5.84 p (carbonyl), 5.88 )1 (carboJI1'1) • 
.Anal. Calcd. for C2lH.30o4: C, 72.8; H, 8.7 
FoUDd: C, 72.1; B, 8.4 
, 
XXVfi liYdrol.uis or the .311 4-•!CO-fl 1 opregp&Jl-20-oae-J! 4-dicarboxylic 
~ 
acid enhydride (II) 
Anh1dride IX (9.9 Jig.) wa:s dissolved in a solution of potassium 
.bydroxide (424 Jig., 85~)., water (4.0 ml.) aDd methanol (1.0 ml.) by' 
0 
swirling aDd wanrl.Dg OYer a hot plate at 50 • Solution occurred over 
one minute. The solution stood three fourths of an hour and then vas 
worked up as in experiment XXV, affording the following crops of 
~ ~ .3lf4-seco-allopregnan-2o-one-.3,4-dicarbo~lic acid: 
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Crop 1: 2.7 ~~g., m.p. 211-218°. 
Crop 2: 4.2 ll£·, m.p. 214-21'1t0 • 
The crude y-ield vas 66%. lo other product vas isolated. 
, 
XXVIII AD attempt to is918rize 3114-seco-•llopregn•p-20-one-
\' 3.4-dicarb9xrlic acid with acid catal!sis 
. ~ 
3 l\4-seco-allopregD&B-20-one-3,4-dicarboxylic acid (XIII) 
(39.8 mg.), glacial acetic acid (5.0 ~.), aDd concentrated 
hydrochloric acid (1.0 al.) were sealed into a pyrex bomb tube 
and heated to 150° over a period ot tvo h$urs. The bomb teaper-
ature vas JU.i.lltaiD.ed at 150-160° tor tour hours, then allowed to 
fall to rooa temperature. The bollb stood at room temperature 
overnight. The contents were distilled to dryness, at reduced 
pressure, leaving a slightly 8llber s,rup residue. The residue 
vas dissolved in et.bTl acetate (25 Ill.) and extracted with three 
25 ml. portions of 1 M potassium carbonate. The ethy-l acetate 
phase vas distilled at reduced pressure and afforded an amber syrup, 
17.4 mg., from. which no product could be cry-stallized. The aqueous 
alkaline phase vas acidified with h1drochloric acid, saturated with 
sodium chloride and extracted with four 50 ml. portions of ethyl 
acetate. The combined ethyl acetate extracts were distilled to 
drJDess at reduced pressure, leaTiDg a residue of amber syrup, 27.0 11g •• 
The residue vas cr;ratallized tr011 etbl'~ acetate and gaTe the folloviDg 
~ ~ 
crops of crude 3114-seco-allopregD&D-20-o:ae-3,4-dicarboxylic acid: 
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Crop 1: 10.9 mg., inserted 200°, m.p. 215-219°. 
0 0 Crop 2: 3.0 mg., inserted 195 , m.p. 217-219 • 
The recovery ot diacid XIII is 3~. Jfo other product vas obtained. 
, 
XXIX Att!!pts at isgaarization ot 3JI4-§eco-pregnan-2Q-one-3.4-
,, 
dicarbgxrlic acid via acid qat,lyais 
run/11 
, ~ 
3 U 4-seco-pregnan-20-one-3, 4-c!icarboqlic acid (IV) ( 76.0 mg.) , 
glacial acetic acid (5.0 ml.), aDd concentrated bydrocblo~acid 
(1.0 ml.) were sealed into a pyrex bomb tube and heated to 155° over 
two hours. The bomb vas maintained at 155-16o0 ror twenty rive hoUrs, 
then allowed to cool to room temperature and stand overnight. Workup 
as iD experilaeJlt XXVII yielded a neutral traction or dark amber syrup 
weighing 45.8 mg. • When ethyl acetate vas added to this syrup, 
needle-like crystals were precipitated. This substance may be the 
pyroketone described in experiment XXI and vas not further examined. 
The acidic traction vas also an aaber syrup weighing 23.0 mg. • This 
traction vas crystallized troa et.by'l acetate, yielding only 1. 7 mg. 
, ,, 
ot crude 3114-seco-pregnan-20-one-3,4-dicarboxylic acid or m.p. 
0 . 
259-282 • The mother liquor residue vas chromatographed on 1. 5 g. 
ot silica gel. Only 0.7 mg. 110re ot the crude starting :material vas 
0 isolated (m.p. 262-275 ) • llo other crystalliDe product vas obtained. 
run /12 
Run #2 vas essentially identical to run #1, except that 67.7 :mg. 
q ~ 
or 31\4-seco-ptegnan-2D-one-3,4-dicarboxylic acid vas used and the 
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bomb was maintained at a temperature of 15D-152° for oDly four 
hours. Workup as before yielded a neutral fraction consisting of 
I 
dark amber syrup, 15.6 mg.. The acidic fraction, 57 mg., was 
cr,ystallized fraa acetone and from etb7l acetate and yielded the 
followiDg crops of crude "311 4-seco-pregnan-20-one-3 ,4-dicarboxylic 
acid: totaling 29.7 mg. (44% recaver,y); 
0 Crop 1: 10.9 mg., a.p. 277-283 • 
0 Or2p 2: 13.3 mg., a.p. 265-275 • 
Crop 3: 3.4 mg., a.p. 255-268°. 
Qrop 4: 2.1 mg., m.p. 260-270°. 
" The remaiBing mother liquor was seeded with 3# 4-seco-allopr~-
'' 20-one-3,4-dicarboxylic acid but no additional precipitation of solid 
could be effected. The remaining acidic reaction Dlixture was chromato-
graphed on silica gel. This yielded 0. 5 mg. more crude starting 
material, m.p. 260-271°, and 3.3 mg. of a crude substance melting 
163-181°. The latter substance was recrystallized from ethTl acetate, 
0 '1 fila giviDg 1.0 mg., a.p. 175-184 , ""aax 2.84 p (hydroxyl), 3.15 Jl 
(acid !Qdro:xy'l), 5.80 )1 (carboDy"l), 5.88 J1 (carbonyl). The infrared 
~ 
spectrum was not similar to that of' 3U4-seco-allopregnan-20-one-3,4-
,, 
dicarboqlic acid. No other products were isolated. 
' ,, 
XXX Jp atttapt to isomerize the d:fJDethfl ester of' 3 114-sego-
• prean•p-20-one-3.4-diearboXJlic acid yitb a strope b&se. 
Sodium metal (1.5 g.) was dissolved in methanol (25 ml.) 
.. 
(dried by treatment with magnesium ~rnings). 3 lf4-seco-pregnan-
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,, 
20-one .. i3,4-dicarboxylic acid dimethyl ester (35.3 mg., m.p. 
116-117°) was added in 5 ml. or ~ous methanol. The solution 
was refluxed for fifteen hours then- distilled at reduced pressure 
to a volume or appro:rlmatel-7 12 ml.. Vater (50 ml.) was added, 
causing some precipitation of crystalline solid. The precipitate 
was taken up and the solution extracted vi th three 60 Ill. portions 
of methylene chloride. The aqueous alkaline phase .... a acidified 
and extracted with methylene chloride. The methylene chloride 
extract vas distilled at reduced pressure and yielded an acidic 
fraction or syrup, 14.0 mg., that could not be crystallized. 
The neutral extract, 21.7 mg. , also yielded no crystalline prod-
ucts despite chrOlltatography' on silica gel. The fraction eluted 
from the chrOllatogram. by benzene-eteyl acetate (40-1) , 17.7 mg. , 
was hydrolyzed by reflux for six and one half hours in a solution 
or potassium hydroxide (257 mg.), 95% ethanol (1.5 ml.), and 
water (2.5 ml.). The reaction mixture was fractionated into acid 
naC.ttol\$ 
and neutralA&J1d yielded only 2. 7 mg. of acidic syrup 8Jld 12. 6 mg. 
or neutral syrup. The neutral fraction was crystallized from 
n-hexane and precipitated 4.1 mg. or iapure solid melting 114-143°. 
This solid vas recrystallized rroa athanol yielding 0. 9 mg. , 
. . 31 , 
m.p. 136-150° •. Butenandt ' by dry distillation or 3114-seco-
pregnan-20-one-.3,4-d1carboXT1ic acid at 15 mm. mercury and 
270-285°, has produced a neutral C2rJI30o2 compound, m.p. 147°, 
which he described as XXI. 
0 
The illpure neutral 1.36-150° ael. tb£ substance ma:r be ideatical 
with m. It has probably' resulted trcm a Dieckmann type 
cyclization followed by hydro17sis of the resulting monoester 
and decarboX71ation. 
HJ 
140 
m. P:aolnis of 3 (I 4-ieco-W!p••(or tll oprepp)...;.20-0!le-3 ,4-dicarboxylic 
Wi 
3114-&eco-prepan( or allopregUil) -20-oD•-3, 4-dicarbo:qlic acid ( 90.6 11g.) 
ud acetic anhydride (16 drops) was waraed by aeaas or a Wood's metal bath 
at 120° for sweral aiautes duriDg which. pUiod the diacid weDt into 
solutioa. The bath temperature was raised to 180° while the reaction 
vessel vas wacuated to a pressure of 15 -· Bg by meaas of an aspirator. 
When the acetic acid aDd excess acetic aDbJdride had been distilled, the 
residue solidified to a colorless Cl'1st.al 1 ine mass. The bath temperature 
vas raised to 270°, the residue meltiq at approxillately 240°. The melt 
vas ·refluxed at a bath temperature of 27Q-290° for ten minutes. DuriDg 
refiux, the reaction vessel vas lowered trOll a depth of 1/4 inch to a depth 
of 1 1/2 inch iD the bath to assure repeated contact of the reaction mixture 
with the dec011posiDg coBditions. The Teasel vas cooled, its contents were 
dissolTed in a solution of aetha.Dol (10 II].., 'Baker .Analyzed' reagent) and 
potass11Dl hydroxide (400 ag., Baker u.s.P.) alld refluxed for one hour. 
The solution was diluted with water (40 Ill.) which resulted in a cloudy 
precipitate. The aqueoua-met.haDolic phue was extracted with four 40 Ill. 
portiou of methylee chloride. The coabiJled aethyleJle chloride extracts 
were distilled at reduced pressure to a residue of amber colored syrup 
( 46. 8 11g • ) • The syrup vas chroaatograplled oB 4. 7 g. of silica gel 
(Dav1son-922-o8-08-226) with the beueae-ethyl acetate eluti.Dg systea. The 
followiag fractions were obtained~ 
Fraction Ill. of elutiDg elutiag solTent 
aolTent 
1 10 beueae 
eluate residue 
trace of syrup 
2 30 bensene-ethyl acetate 10-1 37.0 mg. of colorless 
crystalline solid 
3 14 " " " • syrup 
4 15 acetone amber syrup 
Fraction 2 (37.0 •·> was crystallised aJid reC1"7stallised, yielding the 
following crops: 
Crop 1: (from ethaDol) 22.0 •·, a.p. 127-134° 
Crop 1': 
2 Crop 1 : 
Crop 13 : 
(Crop 1 recrystallized troa •-hexaDe) 14.3 11g., m.p. 136-139° 
(Crop 1 1 from n-hexaae) 10.8 mg., m.p. UJ.-145° 
(Crop 12 from n-he:raDe) 7.6 Jll., a.p. 148-1500 
This last crop coBati tutes a 10% yield of the pyroketone. The combined 
neutral tractions of several si:allar experiaents were recrystallized to a 
constat m.p. ot 148l-150° (Lit. 147°). 31 
i\. lfaCl plate 5. 7714 (carboJlTl), 5.87/( (carbo117l); .,.._ 082 5. 73ft 
{p81ltacyclic ketone21 •22'~, 5.86f4 (C-20 carboDT121•22). 
Jul. Calcd. tor C2oH30o2: c, 79.4; H, lo.oc 
Fouad: O, 79.3; H, 9.9 
mi Pyrol.uia ot 2 u 3-aeoo-W'!!•D-2P-o»t=2 ,)-diqarboxylic acid 
The diacid (78.4 ~~g., a.p. 215-217°) aRd acetic aa.bTdride (15 drops) 
ware aixecl ill a teat tube ud put into a Vood • s metal bath at 120°. The 
bath temperature was raised to 145°, oausi.Dg reflux alld solution of the 
diacid. The tube was theJl caretull.T evacuated to 15 -· Hg by means or 8Jl 
aspirator aDd acetic acid and acetic ~ide were distilled. The residual 
liquid was rapicil.T warmed to 270° and retluxed at a bath temperature of 
27Q-2~ tor ten aiJautes. The reaction llixture was cooled and dissolTed iD 
methanol (4 ml..). A solution of aethanol (7 al.), vater (1 ml.) and 
potassi\Dl hydroxide (400 mg.) was added aad retluxed tor one hour. The 
solutio• was then diluted with vater (40 al.) and a clo~ precipitate 
occurred. The aqueous-methanolic aolutioa with 8U8paDSion was extracted 
vith 
143 
vita four 40 al.. portiou of' met.bTlene eblorid.e. The co.abined. met.b7leae 
chloride extracts vere distilled to a residue of saber syrup (43.6 mg.). 
This residue vas crystallized f'roa etlw:lol-vater, yieldiDg 29.2 mg. of 
amber solid. The solid could not be vell recrystallized from beuene, 
ethanol, ethaaol-acetoae, acetoae, acetone-petroleum ether, or ethyl 
acetate. It vas recoa biDed vith the residue or ita mother liquor and 
chrOll&tographed on silica gel (4t g.), Davisoa 922-o8-o8-226) yieldiDg 
the follovillg fractions: 
elutaa 
Frastioa ..,so .. la~:r:.lle.nt.x.------
al. of elutillg 
so1y!Jlt 
1 
2 
3 
4 
5 
beasene 15 
beazeDe-ethyl aoetate2o-l 21 
n • • lQ-1 16! 
n " • 5-l~ 
acetoae8 20 
residue 
negligible syrup 
negligible &JrUP 
23.5 mg. , syrup - crystal 
7 • 9 Jig. , Syrllp-cr'7Stal 
dark aaber syrup 
Fractions 3 8lld 4 were COilbb.e4 11114 cr'7Stallised .troa ethanol yieldiltg 
8.4 ag., a.p. 126-133°. 0. recrystallisation .troa ethanol, the l1lall alloUDt 
ot precipitate dissolved in the vash solution. Jl.l of' fractiou 3 and 4 
vas recombined aDd again retluxed in aethuol (10 Ill.) and potassium 
.bJdroxide (200 ag.) for one hour~. Vater vas added (40 Jll..) and the llixture 
vas v;orked up precisel.y as before described. The aeutaal residue vas 
crystallized from n-hexane. 
Crop 1: 22.1 mg., :a.p. 120-126° 
Qrop 11 : (Crop 1 rroa a-hexane) 15.3 ag., a.p. 131-136° 
Crop 12 : (Crop 11 from n-hexalle) 9.9 ag., a.p. 135-137° (15% yield) 
Crop 13: (Crop 12 frOil n-hexaae) 5.2 ag., a.p. 135-137° 
~ laCl plate CS2 
''- 5.77t-.(oarbo:ql), 5.88f\(carbo:ql), 'A, 5.72f"(penta-
cyclic carbo-.rl34), 5.86,. (c-20 carbo:q121' 22). The •tire spectrum of this 
pyroketoae d.iffers profoundl.y troa that of' the p:JToketone frOil 3/1 4-seco-
pregaaa( or allopregaaa) -2Q-oae .. 3 ,4-d.ic&rboJC1'lic acid. Approximatel.y 3 :mg. 
of Crop 13 vas uaed for the various iDtrared 8pectra. The rest of Crop 13 
vas recombined with all of the mother liquors from Fractions .3-4 and 
reohromatographed 011. 4t g. of sUica gel. 
Ill. of eluting 
Frytiop so1yept elut1pg solvept-
1 17 beDs•• 
2 19 bezazeae-et~l acetate 15-1 
3 1.3 " n " 15-1 
4 18 n " n lo-1 
5 18 acetone 
eluate residue 
trace of syrup 
trace of crystal 
erystalline 
crystal.liDe 
trace or yellow syrup 
Fractiou 2-4 (24 • .3 :.g.) were cOllbiaecl aDd C17Stallized trOll n-hexane: 
Qrop 1: large thick feathers, 12.1 :.g., a.p. 125-1.32° 
Crop 1$.) (Crop 1 frODl a-hexane) blades, 7.5 ag., m.p. 1.34-136° 
2 Crop 1 : (Crop 1' from n-haane) blades, 4.6 mg., m.p. 1.35-§-1.3,0 
Calcd. tor c2oH3o02: c, 79.4; B, 10.0 
FoUDd: C, 79.2; H, 10.1 
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Introduction: Oxygenated derivatives of progesterone have been 
isolated from animal tissue such as adrenal glands. The oxygen, 
either as hydroxyl or a carbonyl, has been found at carbons 6, 11, 
17, 18, 19 and 21. These oxygenated derivatives are of biological 
significance particularly if theor,~-unsaturated carbonyl s,ystem 
in ring A is retained. Many such substances can be obtained by 
subjecting progesterone to oxidation in biochemical systems, e.g., 
perfusion through the intact adrenal gland, incubation with gland 
preparations and fermentation by microbes. The exact courses of 
these oxidations are unknown. 
The object of this research i~S to see if oxygen could be 
directly introduced into the complex progesterone molecule, with 
retention of the ring A ~--saturated carbonyl system, through 
the interaction of the substance with activated hydroxyl radicals 
produced by dissociation of hydrogen peroxide with ultraviolet light. 
HYdrogen peroxide absorbs light continuously in the ultraviolet 
region of the spectrum and this absorption has been attributed to 
dissociation of the hydrogen peroxide molecule with hydroxyl radicals 
among the products·of the reaction. The bond energy of the oxygen-
oxygen linkage in hydrogen peroxide is on the order of 34 kilocalories 
per mole while the energy of middle ultraviolet radiation is of the 
order 100 kilocalories per mole. It is therefore assumed that, if 
hydroxyl radicals are produced as the primary products of the 
dissociation, then one or both of the radicals resulting from rupture 
of the oxygen-oxygen linkage must possess energy greater than the 
ground state energy of the radical. Solutions of allyl alcohol, 
crotonic acid, maleic acid and diethyl maleate with hydrogen peroxide. 
have been irradiated with ultraviolet light, and, in each case, 
products were isolated in which two hydroxyl groups had been added to 
a double bond. Thus, in each case, reactions had taken place as though 
by the attack of hydroxyl radicals. It was, primarily, on the basis 
of these experimental results that the production of hydroxyl radicals 
was assumed as a working hypothesis ir. the experiments of this 
dissertation. Steroids containing functions which absorb ultraYiolet 
light have ceen shown to undergo various intraTJlolecular and 
intermolecular reactions when irradiated. Therefore, it v1as concluded 
that a large nuTJlber of products might result in the reaction and that 
efficient fractionation procedures would be necessary to effect the 
isolation of products as homogeneous crystalline entities readily 
amenable to further purification by recrystallization. 
~ethod: In a typical experiment, rrogestercne (10.91 g.) was dissolved 
in 95% ethanol (125 ml.) containing 17.3 ml. of 30% aqueous hydrogen 
peroxide solution. The sol'ltion wa.s stirred in a 400 ml. vessel open 
to the atmosphere ~~d irradiated with a mercury vapor arc lamp. The 
reaction products were partitioned into a neutral fraction soluble in 
ethyl acetate, a weakly acidic fraction extracted from the ethyl acetate 
by 0.5 N sodium bicarbonate solution but back extracted from this 
alkaline aqueous solution by methylene chloride, and a more strongly 
acidic or water soluble fraction remaining in the alkaline sol~tion 
after methylene chloride extraction. Further fractionation was effected 
by adsorption chro~Etography on silica gel with a benzene-ethyl acetate 
eluting system. 
Two types of controls were carried out. First, a solution of 
progesterone and hydrogen peroxide in ethanol and water was permitted 
to stand for a period equal to that of the runs proper. Little or no 
reaction took place under these conditions. In the second control, 
solutions of progesterone in ethanol were irradiated without added 
hydrogen peroxide. A significant proportion of the progesterone was 
transformed in this control, but the total fraction reacted was less 
than when both irradiation and hydrogen peroxide were used. In 
particular, only 1% of the reaction mass occurred in the acid 
fractions as compared with 7-25% in the runs proper. The three 
reaction products that have been isolated and identified were not 
found in the controls. 
Pro~ucts isolated and identified: 
a) Pregnan(or allopregpan)-3,20-dione-4.5-diol: Chromatography 
and fractional crystallization of the neutral fractions yielded a 
C21H3204 or C21H3004 compound. The infrared absorption spectrum 
indicated the presence of hydroxyl and carbonyl groups. The ultraviolet 
absorption spectrum no longer possessed the peak at 240 mr characteristic 
of the~4-3-keto group of progesterone. The substance was readily 
dehydrated in acidic media to yield a c21 H30o3 compound whose infrared 
spectrum possessed pe~~s,characteristic of hydroxyl, carbonyl and 
or,~ -unsaturated carbonyl. The ultraviolet spectrum had a peak at 
278 9f characteristic of mono-enols of~-diketones. Ozonization of 
this eubstance under non-enolizing conditions yielded the known compound 
3lf5-seco-4-norpregnan-5,20-dione-3-carboxylic acid. It was boiled with 
acetic anhydride to form a monoacetate whose ultraviolet 
absorption spectrum possesses a peak at 245 mt for monoacetates 
of d(-diketone monoenols. The dehydration product is thus shown 
to be 4-hydroxyprogesterone and the original unknown is 
pregnan{or allopregnan)-3,20-dione-4,5-diol. This substance j_s 
identical with the compound formed by reacting progesterone and 
hydrogen peroxide with catalysis by osmium tetroxide, a reaction 
previously reported by other investigators and shown to result in 
selective cis-dihydroxylation of carbon-carbon double bonds. 
b) 3ll5-seco-4-norpregnan-5,2Q-dione-3-carboxylic acid: Direct 
crystallization of the "weakly acid" fraction or chromatography of 
the "strongly acid" extract yielded a c20H30o4 compound whose infrared 
spectrum indicated the presence of carboxylic acid hydroxyl, carbonyl, 
and carboxylic acid carbonyl groups. The ultraviolet spectrum did 
not possess the absorption peak at 240 mp of the ~4-3-ketone group. 
These data suggested that the substance was 3lf5-seco-4-norpregnan-5,2G-
dione-3-carboxylic acid. The unY~~own was compared with an authentic 
sample of this acid prepared by ozonization of progesterone. The 
mixed melting point showed no significant depression and the ir£rared 
spectra were found identical. 
c) 3114-seco-pregnan(or allopregnan)-2Q-one-3,4-dicarboxylic acid: 
Direct crystallization of the "strongly acid" fraction afforded a c21 H32o5 
compound. The neutralization equivalent indicated that it was a diacid. 
Its infrared spectrum displayed two carboxylic acid hydroxyl peaks and 
carbonyl absorptions. The ultraviolet spectrum no longer possessed the 
absorption peak at 240 mp )f the 64-3-ketone group in progesterone. 
The substance was treated with excess diazomethane to form a 
neutral c23H36o5 compound whose infrared spectrum no longer displayed 
an hydroxyl absorption. Treatment of 4-hydroxyprogesterone with 
alkaline hydrogen peroxide solution yielded a product identical with 
this diacid. These data indicated that the unknown possessed the 
structure of 31(4-seco-pregnan-20-one-3,4-dicarboxylic acid. 
Unidentified substances: Chromatography of the neutral fractions has 
yielded at least seven crystalline substances as yet unidentified. 
Three of these substances (Unknowns A, G, and 0) contain hydroxyl groups 
indicative of oxidation and two (Unknowns G and 0) still possess the 
~~-unsaturated ketone indicating oxidation at some site other 
than this function. Unknown G has been isolated both from experiments 
in which progesterone and hydrogen peroxide were irradiated and from 
the control in which progesterone was irradiated with no added hydrogen 
peroxide. Unknown 0 has been isolated only from this control. The 
carbon-hydrogen analysis of Unknown G indicates that it possesses 
three oxygen atoms. It must then be a product of progesterone inter-
action •,lith some oxidant other then added hydrogen peroxide. One such 
possible oxidant is dissolved oxygen or an irradiation product of 
oxygen. This suggests that further exploration of the interaction 
between progesterone, hydrogen peroxide and ultre.violet light should 
include experiments under conditions which exclude oxygen. 
As a byproduct of the first objective in this experimental program, 
the treatment of an ~'-unsaturated ketone with osmium tetroxide and 
hydrogen peroxide in tart-butanol followed by dehydration of the 
crude product in a mixture of hydrochloric and acetic acids was 
found to be an effective preparative process for transformation of 
an ~~-unsaturated ketone to an CIC-diketone or its enol isomers. 
k~en this process was applied to the production of 4-hydroxyprogesterone 
and 4-hydroxyprogesterone-17-monoacetate, the overall yields were 
57 and 70.6%, respectively. 
In the chromatography of the neutral fractions, there constantly 
occurred considerable quantities of material more "polar" than 
progesterone or pregnan(or allopregnan)-3,20-dione-4,5-diol. These 
slowly running subst~~ces, which occurred as oily mixtures, have not 
yet been resolved into crystalline compounds by the fractionation 
procedures used in these experiments. It is, at any rate, indicated 
that, if hydroxyl radicals produced by the action of ultraviolet 
light on hydrogen peroxide in sc.::.ution can displace hydrogen from 
saturated carbon atoms of the progesterone Jnolecule, then no degree 
of selectivity exists, under the conditions of these experiments, 
whereby a relci.tively small number of products may be produced in 
ap~reciable yield. 
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